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Mr. JOHN DUNCAN WATSON, President, in the Chair. 


The PRESIDENT said that the Council had decided to set aside a 
certain number of Ordinary Meetings during the present Session 
for the discussion of subjects of current engineering interest, instead 

of confining the discussions to Papers on completed engineering 
works. The present was the first of such Meetings, and he wished 
to draw attention to a slight change in procedure. Usually an 
abstract of the Paper was read by the Secretary at the Meeting, 
and the subsequent oral discussion was supplemented by corre- 

' spondence. At the present Meeting, and at. others of a like nature 
during the Session, a short Paper would be read by the Author or 

- Authors and would be followed by a discussion in which a certain 
number of those who were specially interested in the subject would 
be invited to participate. After they had spoken, it was hoped 
_ that there would be time for others to take part in the discussion. 
It had, however, been thought more appropriate at present not to 
invite further discussion by correspondence, mainly because the 
subjects chosen would be essentially of current interest, whereas 
correspondence frequently extended over many months, by which 
- time the problems discussed might well have been developed further. 

In the case of each Meeting of the type in question an Abstract 
of the Paper would appear in the Journal, and advance proofs of 
_ the Paper itself would be available to Members about a week before 
the Meeting. A report of the Paper and the discussion would appear 
~ in the Journal of the following month. 

The following Paper was submitted for discussion, and, on the 
motion of the President, the thanks of The Institution were accorded 
Eto the Authors. 
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TuE investigation into the behaviour of reinforced-concrete piles, 
which has been carried out at the Building Research Station, with 
the collaboration of the Federation of Civil Engineering Contractors, 
was initiated as a direct result of troubles experienced while driving 
piles through a hard stratum to a set in firm ground below. It had 
been found difficult to construct pre-cast piles of sufficient strength 
to resist damage during severe driving, and the attention of the 
Station was called to- several cases where failure had occurred, 
examples of which are shown in Figs. J and 2. Very little informa- 
tion was available as to the effect of driving conditions upon the 
behaviour of a pile; for example, no recognized standards existed 


for determining the correct weight of hammer, height of drop or 


amount of head-packing for a given pile. Empirical rules based 
upon experience provided a rough guide for practical use but were 
unreliable. From the very limitéd knowledge available it was 
clearly impossible to estimate for any known set of conditions 
whether troubles would occur or not, and the only method of deciding 
whether or not piles would stand up to specified conditions was by 
actual driving. This unsatisfactory state of affairs led to many 
difficulties, not only for the contractors, but for the engineers 
responsible for drawing up the specifications. 

‘The main problem of the investigation was, therefore, to devise 
methods of estimating the amount of driving that a pile would stand 
without damage. This involved (1) an examination, both analytical 
and experimental, of the nature and magnitude of the stresses 
induced in piles by impact, and of the extent to which these stresses 
were modified by changes in driving conditions; (2) an examina- 


tion of the effect upon impact-resistance of the different factors 
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controlling the design and manufacture of the pile itself; (3) the 
development of methods of indicating dangerous conditions during 
driving. This Paper is an abridged account of the investigation ; 
a full account will be given in an official publication of the Building 
Research Station. 


OUTLINE oF MATHEMATICAL THEORY. 


The stress-phenomena occurring during the driving of reinforced- 
concrete piles have recently been analysed on the basis of the 
mathematical theory of the propagation of stress in elastic materials. 


e TypioaAL FAILURE AT CENTRE OF PILE, EXPOSED BY EXCAVATION. 
-- (Octagonal pile 17 inches across flats, with eight 14-inch bars.) 


Earlier theories assumed the pile to be uniformly compressed 

throughout its length during the impact. The more accurate 
analysis, applied to pile-driving by D. V. Isaacs and later amended 

at the Building Research Station,? takes into account the fact that 
the stress-wave initiated at the head by the impact travels along 
the pile with a definite velocity, calculable from the known physical 
constants of the pile... It was shown that the effect of the different 
velocities of elastic waves in steel and concrete could be very 
approximately represented by a wave travelling along the pile with 
eerie: Sa es a 


- 1 Journal of the Institution of Engineers, Australia, vol. 3 (1931), p. 305. 
2 B®. N. Fox, “Stress Phenomena Occurring in Pile Driving,” Engineering, 
vol. 134 (1932), p. 263. 
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a mean speed dependent on the ratios of longitudinal and transverse 
reinforcement and on Young’s Modulus for the concrete. The 
mathematical solution of the wave-form was carried out for certain 
boundary conditions at the head and foot of the pile, obtained by 
assuming the packing and helmet to be equivalent to a “ visco 
elastic ” spring, and the foot-resistance to be “ plastic.” 

When the results of preliminary experimental work had been 
examined, it was found desirable to simplify the assumptions as to 
the conditions at the head and foot, in order to express the solution 
in terms of quantities measurable in practice. The following is a 
brief outline of this modified theory. (A fuller treatment is given 
in Appendix I.) 

The assumptions made are :— 

(a) That the pile is undamaged when driven. 

(b) That the pile behaves as a linearly elastic rod. 

(c) That stress-waves in the hammer may be neglected. 

(d) That the dolly, helmet, and packing are equivalent to a 
linearly-elastic spring which will be referred to as the 
cushion, through which the compression is propagated 
instantaneously. The resistance to compression of a 
cushion of the type used in pile-driving is made up of 
elastic and frictional resistance. The frictional factor 
cannot be estimated with any accuracy, and has been 
neglected in the simplified theory. 

(ec) That the foot-resistance is elastic, the foot-pressure being 
proportional to the downward foot-movement. The 
method of relating actual cushions and foot-resistances 
to these ideal conditions is given later. 

No allowance is made either for propagation-loss, that is, loss of 
energy due to internal friction in the pile, or for skin-friction. 

It is shown in physical text-books that the equation generally 
applicable to wave-motion in a long thin linearly-elastic rod has 
a general solution of the form 


é=s(t—*) + F(t +2) 


where € denotes the displacement of cross section from initial 


position, — 
é 4, ,, time (after beginning of impact in this case), 
x » >, Co-ordinate of any cross section measured 
from one end (the head of the pile), 
a » 5, Velocity of longitudinal waves in the rod. 


Put into words, the equation states that the displacement of any 
cross section is obtained by adding together two functions, the first 
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f which i 
of which, f aa ) represents a wave travelling down and the 


second, F (' + -), a wave travelling up the pile. 

It is obvious that there will be no wave in the upward direction 
until a time : (where / denotes the length of the pile) has elapsed, 
that is, until reflection has taken place from the foot, and that this 
wave will not reach the head until a time ¢ = ee ; 

The equation which holds for the motion of the hammer during 
the initial period, 0 <t < = before the reflected wave arrives at 


the head, has a simple solution, from which, with the aid of the 
assumed head-conditions, the displacement-function f representing 
the down-travelling wave can be determined for that interval. The 
function F, representing the reflected wave travelling up the pile, 
can then, from the assumption as to the character of the foot- 


resistance, be expressed in terms of the function f for a time i 
a 


earlier. Hence, since fis known for the interval 0 <i<—, F will 
a 


be known for the interval a ip = This procedure, applied to 
a a 


ade 21 ; : 
successive intervals — , determines all waves travelling up and down 


the pile at any selected moment. By combining the waves at any 
point the displacement, and therefore the stress, may be found at 
any desired time ¢. 

On the basis of the theory it is possible to predict the charac- 
teristics of the stress—time curves at any position in the pile under 
specified conditions. Important consequences of the theory are :— 

(1) The distribution of stress along a pile at a particular moment 
is, in general, not uniform. 

(2) The maximum stress at every point in the pile increases 
with increased stiffness of cushion. 

(3) The maximum stress at the head is proportional to the 
square root of the height of fall of the hammer. 

(4) For long piles, or for short ones with light hammers and 
stiff cushions, the maximum stress at the head is depen- 
dent only on the conditions at the head and is the same 
for all sets. The necessary condition for this is that the 
maximum value of the stress-wave travelling down the 
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pile shall be attained before the reflected wave arrives 
from the foot. (Only in exceptional cases of very hard 
driving, where a wave of compression of considerable 
magnitude is reflected, is it possible for a second 
maximum to be reached exceeding the first in value.) 
Light hammers and stiff cushions, causing the maximum 
to be reached quickly, and long piles, increasing the 
time before the reflected wave arrives, allow the condition 

to be fulfilled. 
(5) The maximum stress at the foot depends upon the ground- 
resistance, being zero if the pile is unrestrained, or 
attaining a value twice that at the head if no movement 
is possible. In the first case a wave of tension, and in 


the second case-a wave of compression, is reflected from 


the foot. 

(6) In favourable circumstances, longitudinal vibrations are 
likely to be set up, in the same way as a musical note is 
evoked by striking the end of a steel bar. The frequency 
of vibration-is 

nn. E 

a= 5 Ne ' 

where J denotes the length, p the average density, and 

E the equivalent Young’s Modulus as defined in 

Appendix I. Theoretically, considerable tensions are 

possible, attaining a maximum at the mid-point of the 

length. They are likely to be of short duration, and to 
be followed immediately by compression. 


GENERAL DESCRIPTION OF APPARATUS. 

Piezo-Electric Strain-Recorder—The main requirement of a 
recorder for the short-duration impulses occurring in pile-driving is 
that all moving parts shall have a very high natural period of 
vibration, in order to follow accurately and without lag the motion 
investigated. This requirement led to the choice of a piezo-electric 
strain-gauge with a cathode-ray oscillograph ; the natural frequency 

of the piezo-electric crystal unit may be made extremely high, so as 
to take full advantage of the inertia-less response of the oscillograph. 


Other desirable features possible with such a combination are that 


the gauges are sufficiently small to be embedded in the pile when 


cast and, by reason of their simplicity, are inexpensive enough to 
render their non-recovery from a test-pile of little consequence.. 


The first apparatus constructed was used for tests at. the Building 
Research Station, and has been fully described elsewhere.1 A trans- 


1 G. Grime, Proc. Phys. Soc., vol. 46 (1934), p. 196. 
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portable outfit was built for the tests under contract conditions, 
embodying improvements designed mainly to reduce size and weight. 

The operation of the gauge depends upon the piezo-electric 
property of quartz, which, in common with certain other crystals, 
when compressed or elongated along one of the hemihedral axes, 
develops, at particular regions of the crystal, electric charges which 
are proportional to the applied force. Crystals, in the form of long 
rectangular prisms, are cut from the natural material in the direction 
shown in Figs. 3 (a) and 3 (b). The prisms, mounted in small water- 


(a) Figs, 3, 
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tight chambers, form the gauges which are cast in the pile at selected 
positions. When in use, the crystals are subjected to pressure along 
the “ third ” axis, and electric charges, proportional to the applied 
pressure, are liberated on electrodes attached to the faces perpen- 
dicular to the electric axis. Connection is made to the recording 
system by highly-insulated leads. A section of a gauge is shown in 
Fig. 3 (c). The numbers denote (1) the quartz crystal, (2) the 
electrodes, (3) steel plates, (4) stiff spring, (5) heavy circular steel 
end-plates, (6) thin brass cylinder, (7) and (8) conical seatings, 
(9) the tube carrying the insulated lead. 

When the gauge is assembled an initial load is put on the crystal 


_by screwing up the adjustable seating 7 ; it then responds to tension 
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as well as compression. In order that the gauge shall be strained 
to the same extent as the surrounding concrete, its dimensions are 
so chosen as to make its equivalent stiffness approximately equal to 
that of the concrete it replaces. 


5 
x 
= 
oc 
= 

7 
o 
= 
= 


ELEecrricaL CoNNEOCTIONS OF STRAIN-RECORDER. 


Cc 
1000-Volt Generator 
tavet] [D 


The charge liberated on the electrodes when an impact takes place 
sets up, across a known capacity, a voltage which is applied to the 
grid of the input valve of an amplifier. This serves the double 
purpose of magnifying the voltage and of isolating the crystal from 
the comparatively low resistance of the deflector-plates of the 
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cathode-ray oscillograph. The output from the amplifier controls 
the vertical deflection of the fluorescent spot of the cathode-ray 
oscillograph. An electrical device, set in operation by the fall of 
the hammer, is arranged to move the spot horizontally across the 
screen at uniform speed at the correct moment, so as to spread out 
the strain—time pattern on the screen. The pattern is recorded 
photographically. Calibration is performed by the static loading of 
a block of concrete in which the gauge has been cast. It is estimated 
that the stresses deduced from the measured strains are subject to 
an error of + 10 per cent. Fig. 4 shows the electrical connections 
of the recorder. 

Set-Recorder —Calculations of stress making use of the theoretical 


Recording Pencil 


Heavy Timber about 8 feet long 


Sret-REcoRDING APPARATUS. 


analysis require records to be made not only of the permanent or 
plastic set but also of the elastic or recoverable set. A set-recorder 
of the simplest kind, as shown in Fig. 5, has been found to give very 
satisfactory results. A board carrying a sheet of paper is firmly 
fixed to the front face of the pile by heavy clamps. A straight-edge, 
along which a pencil is drawn to trace out the set record on the 
paper, is nailed to a heavy baulk of timber, raised from the ground 
at either end by wooden blocks. The timber forms an effectively 
fixed base for measurement, since its vibration does not become 
apparent on the record until after the set has been recorded, and is 
even then of small amplitude. From the record the plastic and 
elastic sets can be obtained. 

~ Peak-Stress Indicator—A simple method of measuring the 
maximum stress at the head of a pile is provided by the use of a 


- device for indicating when the maximum deceleration of the hammer 
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exceeds a certain pre-set value. For, if the assumption that the 
mass of the helmet may be neglected, and the packing at the head 
regarded as a simple (not necessarily linear) spring, is approximately 
correct, measurement of the maximum deceleration of the hammer 
will enable the maximum stress at the head of the pile to be calcu- 
lated very simply, for the force exerted by the hammer on the head 
of the pile at any instant = MF, where M denotes the mass of the 
hammer and F its deceleration. 

Maximum-acceleration indicators have previously been used to 
indicate peak-values of the acceleration of road surfaces subjected 
to traffic vibrations.1 The present instrument is somewhat different 
in construction, and is employed with a new method of visual 
indication. A mass m (Fig. 6) is held up against an insulated stud 


Fig. 6. 


Neon Lamp 


) 
| 


PEAK-StTRESS INDICATOR. 


I by a spring S, the compression of which can be varied by a cali- 
brated screw C. Flat springs F ensure that any motion of the mass 
m is parallel with the pillars P. The assembly is mounted on the 
top of the hammer with the axis of the spring S vertical. An 
electric circuit is completed by the contact of the insulated stud I 
and the mass m, so that when the mass is pulled away from the 
stud the circuit is broken. 

When the blow is struck, the mass m is subjected to the same 
deceleration as the hammer, and therefore exerts a force on the 
spring due to its inertia. When this force exceeds that due to the 
compression of the spring the contact opens and the circuit is 
broken. If F,,,, denotes the maximum deceleration of the hammer, 


1 Report of the Permanent International Association of Road Congresses. 
VIIth Congress, Munich, 1934. (2nd Section: Traffic.) 
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then the maximum force tending to open the contacts is mF max- 
If, by means of the calibrated screw C, the compression of the spring 
is increased until the contact no longer opens, mF max < wks, where 
k, denotes the spring-stiffness and x the compression of the spring. 
The two sides of this expression may be made as nearly equal as 
desired by adjusting z. Then, approximately, Fy... = 4 (k,, the 
spring constant, is easily found by a simple calibration-process.) 

The indicating circuit, which is extremely simple, is also shown 
in Fig. 6. A dry battery of about 150 volts is connected to three 
resistances in series. Two of these are bridged by a small neon 


‘indicator-lamp, and one of the two is normally short-circuited by 


the contact between mass and insulated stud. When the contacts 
are closed the voltage across the neon lamp lies between the flashing 
and extinction voltages, so that no current passes. When the 
contact is broken, the voltage across the lamp, now that due to the 
potential drop across the two resistances, exceeds the flashing 
voltage and the lamp lights, remaining lit after the contacts close, 
since the voltage is still at a value higher than that necessary for 
extinction. This electric circuit is a very sensitive detector of the 
breaking of contact, and may be made to operate from a break of 
as little as 0-0002 second duration. 

The tests carried out up to the present with the indicator have 
shown that head-stresses may be measured with a possible error of 
about 15 per cent. No particular operating difficulties have been 
experienced, but certain modifications in design will be necessary 
before the instrument is of general application. It will also be 
advisable to determine with greater certainty those conditions of 
helmet-weight, etc., under which reasonably accurate results may 
be expected. 


EXPERIMENTAL Work. 
(i) StRuss-MEASUREMENTS. 


Preliminary Tests.—Preliminary tests were carried out at the 
Building Research Station on small piles 15 feet long by 7 inches 
square, under conditions of hard driving provided by a rigid con- ~ 
crete base with a suitable buffer interposed. Three gauges were 
cast in each pile, one at each end and one at the middle. 

The gauges and recording apparatus were found to function 
satisfactorily. The effects of the following variables on the form 
and magnitude of the stresses were investigated :— 

(a) The weight of the hammer. 
(b) The height of fall of the hammer. 
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(c) The weight of the helmet. : 

(d) The amount and type of packing in the helmet. 

(c) The resistance at the foot of the pile. 

Piles Driven into Ground.—The preliminary tests, whilst con- 
firming the general deductions from the wave-theory, demonstrated 
the difficulty of reproducing driving conditions artificially. Experi- 
ments were therefore carried out on small piles driven into ground 
at the Building Research Station and, by the courtesy of various 
consulting engineers and contractors, on full-scale piles driven at 
three sites in London, under typically difficult contract conditions. 

~ Of these test-piles two, 15 feet by 7 inches by 7 inches, were 
driven at the Building Research Station, one, 35 feet by 14 inches 
by 14 inches, at the London University site, two, 50 feet long, 
octagonal in cross section and 16 inches between flat surfaces, at 
the Lots Road power-station, and one, 50 feet by 14 inches by 
14 inches, at Messrs. Mowlem’s yard, Royal Albert Dock. Three 
or more piezo-electric gauges, equally spaced along the length, were 
cast in each pile. 

Details of the manufacture of the piles, the strength and Young’s 
modulus of control specimens, and particulars of the driving con- 
ditions at the head are given in Table I (p. 162) and Figs. 7. The 
ground conditions are shown in Figs. 8, on which the penetrations 
at which records were taken are marked. No details have been given 
of the pile driven at. the Royal Albert Dock, as the object of this 
test was primarily to check the accuracy of the peak-stress indicator 
under practical conditions. , 

The piezo-electric recording equipment, housed in a trailer, was 
operated at a distance of about 20 feet from the pile-driving frame. 
Connection was made to the gauges by lead-covered leads from 
50 to 100 feet long. 

The test procedure was essentially as follows for all the piles 
driven into ground :— ; 

(1) A record of the permanent set, averaged for a number of 
blows, was kept throughout the driving. 

(2) Stresses were recorded for several heights of drop of the | 
hammer at four or five stages of penetration, the positions 
of which were decided by the ground-conditions (see 
Figs. 8). 

(3) Each set of stress-measurements was accompanied by the 
corresponding records of plastic and elastic set. 

The piles at the Building Research Station were all driven without 
a helmet. Three hammers were available for these tests, and at 
each depth of penetration a set of stress-records was taken for each 
hammer. 
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All large piles were driven almost to their final penetration with 
the helmet on and the contractor’s packing inside it. For purposes 
of stress-calculation, records with twelve and twenty-four thicknesses 
of }-inch felt as head-packing, but without a helmet, were then 
taken. 

Various alterations and re-adjustments of packing material were 
made during driving, as necessity arose. 


(ii) Tusts TO DESTRUCTION. 


A study of the failure of reinforced-concrete piles in practice led 
to the conclusion that the factors controlling the design and manu- 
facture of the piles were quite as important from the point of view 
of the ultimate success of the operation as those controlling the 
actual driving. There is little doubt that lack of proper care in the 
making of piles is as frequent a source of failure as lack of care in 
driving. This is comprehensible in the light of information which 
has been obtained concerning the stresses to which piles are sub- 
jected during driving, and which indicates that under “ normal ” 
contract conditions stresses are imposed which approach, and in the 
case of very hard driving exceed, the impact-strength of the con- 
crete, Under these conditions a small reduction in strength arising 
from faulty manufacture may make all the difference between 


_ success and failure. 


In order to study the effect of manufacturing conditions upon 
driving resistance it was apparent that tests to destruction would 
be necessary. Within the means available two courses were open : 
to test a small number of 15-foot piles under standardized con- 
ditions representing as nearly as possible those met in practice, or 
to test a large number of small specimens under conditions which 
could be controlled within close limits but which might fail in 
certain respects to represent practical conditions, particularly those 
relating to the head and foot of an actual pile. 

Since neither method would provide the whole of the necessary 
information it was decided to explore the field in a general manner 
by means of tests upon 15-foot piles, and to use impact-tests on 
small specimens as a means of obtaining supplementary information 
and following up promising lines of investigation. 

The question of standardizing conditions of test for 15-foot piles 
was next considered. The ideal method would be to drive the piles 
into ground representing a range of practical conditions from the 
easiest to the hardest type of driving. Apart, however, from the 
difficulty of finding suitable sites, the method involved the pro- 
hibitive expense of digging out the test-piles for inspection after 


Br 


ie 
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they had been driven. It was decided, therefore,-to drive the test- 
piles in an open pit on to a rigid base, using packing of a suitable 
type at the foot to simulate the desired conditions of toe resistance. 
This method of testing permitted the standardization or variation of 


es 


driving conditions as required, facilitated the examination of — 


specimens at all stages of testing, and enabled the corresponding 
stress-measurements under similar conditions to be obtained. It 
also enabled an approximation to be made to the severest conditions 
likely to be met in practice, since these usually occur when the toe- 
resistance is very high and the skin-support small. The driving 
equipment used for these tests was lent by the British Steel Piling 
Company, and was the same as that used on earlier tests with the 
piezo-electric recorder. The piles were 7 inches square and were 
“driven” by a hammer weighing 980 pounds released by a trip- 
mechanism. 

A great many factors are involved in the making of reinforced- 
concrete piles, but in view of the limited number of specimens 
which could be tested it was obviously essential to concentrate 
attention upon those factors which appeared likely to be of greatest 
importance. These were considered to be :-— 

(1) The amount and disposition of reinforcement. 
(2) The type of cement, and age at test. 

(3) The cement-content. 

(4) The curing. 

(5) The type of aggregate. 


Z 


RESULTS AND ConcLusions. 
(i) Divine Conprvions anp THER RELATION TO Stress anp Ser. 


Typical records of strains measured with the piezo-electric strain- 
gauge are shown in Figs. 9, 10, 1, and 12. Their general charac- 
teristics agree with those predicted from the theory. The form of 
the stress—time curve and the maximum value of the stress vary 
along the length of the pile, in a manner depending on the ground- 
conditions. The duration of the record at the head is generally of 
the order of 0-01 second; at the foot it may be greater. The pro- 
longed vibration shown at the middle of the pile in Fig. 9 indicates 
that, under certain conditions, the pile may be made to vibrate 
longitudinally at its own natural frequency. 


It was realized at an early stage in the investigation that it was 


necessary to adopt some criterion of the probability of failure under 
Impact. At that time uncertainty existed as to whether tensile or 
compressive stresses were the more important. The stress-records 
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have shown, however, that for the conditions of driving most pro- 
ductive of damage the stresses developed were purely compressive. / » 
The tests to destruction on small piles and specimens of plain 
concrete have since shown that the maximum compressive stress in 
the concrete is related to their resistance to failure.. The relation is 
not exact, and it is possible that more extensive research would 
show that the destructive effect of repeated impact depends on some 
relationship between the maximum stress attained, the number of 
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o 5 10 15 20 25 30 35 0. -s 10,.415) 20 -25< 3083 


Pr (a) ¢ (b) 


Recorps From’ a 15-Foor Prre Driven into StirF CLAY AT THE 
Burmpine ResEaARcH STArIon. 
Driving conditions :—four }-inch felts at head ; 980-pound hammer ; 24-inch 
drop. 
Penetration of point :—(a) 4 feet 3 inches, (b) 10 feet. 
Set :—(a) 0-55 inch, (b) 0-08 inch. ; 
(Figures indicate peak stresses in pounds per square inch.) 


repetitions of stress, and a factor involving the form and duration 
of the stress. At present, however, there is no evidence that the 
differences of form and duration between the stresses at different 
points along a pile have any serious effect upon impact-resistance, — 
and the maximum compressive stress must therefore be regarded as 
the only useful criterion of the probability of failure. 

The theory and the experimental measurements are based on the 
assumption that the strains are uniform over the cross section of 

the pile. Failure, however, is never general, and commences at 
_ places subjected to local concentrations of stress which it is not 
practicable to record. As a consequence, the average stress is most 
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probably somewhat less than it would be in the ideal case of 
perfectly even stress-distribution. 

The Effect of Driving Conditions on the Stress in the Pile——In the 
majority of cases the fig compressive stress induced during 
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- Lonpon Untverstry Pitz; Typican REcorDs. 


Driving conditions :—3-ton hammer, 24-inch drops, penetration of point 29 feet. 


6 inches ; (a) contractor's packing with 10-cwt, helmet, (b) twelve felts without 
helmet. Set (a) 0-07 inch, (b) 0-04 inch. 
(Figures indicate peak stresses in pounds per square inch.) The low value at the 
head in (6) is due to back-pressure in the hammer. 


driving occurs at the head of the pile.. Only when the foot is being | 


forced through an exceptionally hard stratum will it occur at the 
foot. This is illustrated by Figs. 13 and 14, From theoretical 
considerations, it can be shown that the highest value of the 
maximum compressive stress must be attained either at the head 
or the foot, although in certain circumstances values only slightly 
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lower may occur at other positions. At the middle of a pile stresses 
have been recorded equal to, or even occasionally greater than, 
those at the head, but these are within the experimental error of 
the stress-measurements. 


Penetration 4 Feet 
7 Feet 


MAXIMUM STRESS: 
POUNDS PER SQUARE INCH. 


Penetration 17 Feet . 
‘a 29 Ft. 5 In. 


MAXIMUM STRESS: 
POUNDS PER SQUARE INCH, 


24 28 32 35 
TOE DISTANCE FROM TOE: FEET. HEAD 


Lonpon UNIvERSITY PILE. 


(a) and (b) : Distribution of maximum compressive stress along pile at penetrations 
up to 29 feet 5 inches, with contractor's packing and helmet, and drops of 
12, 24, and 36 inches. 


‘From elementary considerations it is apparent that the maximum 
head-stress for any given set of conditions increases with the weight 
of the hammer. The increase, however, is for normal head-stresses 
proportionately less than the increase in weight (see Fig. 16). 

In giving an outline of the mathematical theory it has already 
been mentioned that, in consequence of the finite velocity with 
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MAXIMUM STRESS; 
POUNDS PER SQUARE INCH. 
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(c) Comparison of new and used contractor's packing for 24- and 36-inch drops. 
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Roap Prxzs. 
Distribution of maximum compressive stress along the pile at various penetrations, 


with contractor's packing and helmet, and drops of 24, 36, and 48 inches. 
(a) and (6), pile 1; (c) and (d), pile 2. « 
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which the stress-disturbance travels, the maximum value of the 
stress at the head is in most cases independent of the ground- 
conditions and is determined only by the conditions at the head, 
that is, by the weight of the hammer, the height of drop, the area 
of the pile-head, the physical constants of the pile, and the stiffness 
of the cushion. The necessary condition for this independence is 
that the maximum stress at the head is reached before the reflected 
wave arrives back from the foot. This will normally occur with piles 
of lengths greater than 30 feet. For such cases a chart (Fig. 18, 
Appendix II), based on the mathematical analysis, has been prepared, 
giving the maximum compressive stress at the head in terms of the 
head-conditions. The use of the chart is fully described in 


Fig. 15. 
et | 


© Calculated Values : 
be RecordadilValuas For Packing of 24 Felts. 


3,000 


POUNDS PER SQUARE INCH, 
= 


MAXIMUM COMPRESSIVE STRESS AT HEAD: 


te) 


10 20 30 40 so 


___WEIGHT OF HAMMER ____(__WEIGHT_ OF HAMMER: LBS; 
WEIGHT. OF 1 FOOT OF PILE ("AREA OF PILE HEAD: Ts: APPROXIMATELY ) 


CALCULATED AND RECORDED HBAD-STRESSES FOR 15-Foot Pimz:s 


Appendix IJ. Table II (p. 172) contains the theoretical values 
obtained from this chart, together with the recorded values of the 
head-stresses for the test-piles driven into ground under contract 
conditions. Fig. 15 gives similar data for 15-foot piles driven into 
ground at the Building Research Station. The agreement is good, 
except for the London University pile test. During this test con- 
siderable trouble was experienced with the steam-hammer, and it is 
very probable that the discrepancies are due to loss of energy caused 
by back-pressure in the hammer. The results show that head- 
stresses may be estimated with fair accuracy from the theory. 

- A deduction of some importance from the foregoing is that if the 
packing has initially a high stiffness-constant, the head-stresses in 
the early or easy stages of driving may be nearly as high as at later 
stages when the driving is hard. Illustration of this is afforded by 
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TapLEe II].—PILES DRIVEN UNDER CONTRACT CONDITIONS. 
Neen eee ee ES 


Maximum head-stress: 


ely Height pounds per square inch. 
of. | of drop:| -Packing.. |——_-_—-—_ 
xu. Ege tel 2 | Gaches, 
35 ft. x 14in. x I4in. 6,720 24 12 felts 
Driven at London 4 ,, 
University. 36 ae 
24 29 
54 24 ,, 
50 ft. x 16 in. octagonal. 7,400 24 OAS 
Driven at Lots Road. 24 
9? 
48 12 > 
24 ,, 
50 ft. x 14in. x 14in. | 6,720 36 24 ,, 
Driven at Royal Albert 
Docks. 


1 Using curve as in Fig. 20 to obtain 3 ° 
the piles driven at Lots Road. Head-stresses for the first pile 
increased only 16 per cent. during the driving (Figs. 14). 

The stiffness of the head-cushion is a factor of the greatest 
importance in determining the stresses in the pile. If no cushion 
were present between the hammer and the pile-head the stress at 
the head would rise almost instantaneously to a maximum. The 
head-cushion decreases both the rate of increase of stress and its 
maximum value. Stresses throughout the pile are similarly affected. 

The stiffness of the head-cushion, denoted by k/A, is a factor to 
which reference will he made frequently. For an assumed head- 
cushion in which stress is proportional to strain, k is the usual 
stiffness-constant and is equal to the force required to produce unit 
compression, that is, k = E’A’/l’, where EZ’ denotes Young’s modulus 
of the dolly, A’ its cross-sectional area, and l’ itslength. If A denotes 
the area of the pile-head, k/A is, therefore, the stress on the pile-head 
required to produce unit compression, and is equal to Young’s 
modulus divided by the length or thickness of the material, when the 
cushion is of the same cross-sectional area as the pile. It varies 
inversely as the thickness and is independent of the stress. The 
stiffness-constant for a hardwood dolly with a reasonably constant 
Young’s modulus is obtained with sufficient accuracy from this 
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expression. Helmet-packings, however, exhibit a non-linear relation- 
ship between stress and compression, and the appropriate value of 


k F 
rr depends upon the magnitude of the imposed stress. It is there- 
eid sence? : 
fore necessary to specify 438 at . . . pounds per square inch.” } 
If the dolly and packing have effective constants a and = 


k 
then A for the combination is given by 


Araaté cake A 
k a ky “ie ko’ 
and similarly for any number » of packings on top of one another 
AMATI A A 
Ee 


The cushioning effect of the head-covering is chiefly due to the| 
packing beneath the helmet. The effect of the dolly is small, 
except in cases where the packing has been consolidated to such an 
extent that its stiffness has become very high, or where the dolly 


has become soft by brooming. The stifiness-constants of several 


types of head-packing have been deduced from the stresses recorded 
during the driving of test-piles, and the results show that the value 


of for the packings used in practice may lie anywhere between 


1,000 and 50,000 pounds per square inch per inch. Values as low 
as 1,000 pounds per square inch per inch, however, only apply to 
the first blows with new packing, and for practical purposes upper 
and lower limits of 10,000 and 50,000 pounds per square inch per 
inch may be used. The effect of the dolly is to reduce these values 
to about 9,500 and 40,000 pounds per square inch per inch 
respectively. 

During the course of the main investigation no form of packing 
was encountered which answered completely to theoretical require- 
ments. These requirements are :— 


k 
(1) Low stiffness, as represented by the factor A: 


(2) No increase of stiffness during driving. 
(3) Low cost in relation to durability. 


k 


1 A fuller explanation of A is given in Appendix IT, 
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The advantages of a low stifiness-constant k/d will be dealt with 
when considering the effect of driving conditions on set. The 
importance of the second requirement, namely, no increase of stiff- 
ness, was demonstrated most convincingly during one of the tests 
at the London University site, where the softwood packing showed 
an increase of stiffness which resulted in an increase in the stress 
at the head of the pile of 100 per cent. (Fig. 13). It is possible for 
certain types of packing to cause failure after consolidation by a 
large number of blows, regardless of ground-conditions. The relative 
merits of various packing materials as revealed by impact-tests are 
dealt with later. 

It is of importance to note that dangerous local concentrations of 
stress may result from unevenness in placing the packing material 
on the pile-head. An instance of this was met during the driving 


of the first Lots Road pile, where the head, which had withstood — 


thousands of blows without sustaining any damage, failed imme- 
diately after the insertion of fresh packing. The failure was 
definitely attributable to the uneven distribution of the packing, 
which had slipped towards the back of the pile. 

Experimental evidence (Figs. 11) shows. that with packing alone at 
the head of the pile the stress—time curves, particularly at the head, 
are smooth in form; with a helmet, the form of the record at the 
head is that of a vibration of high frequency superimposed on a 
smooth curve. The helmet may be regarded as a mass supported 
between two springs, the dolly above and the helmet-packing below. 
The high frequency appearing in the record is due to the oscillation 


of the mass on the springs. The magnitude of the maximum stress - 


is in most cases affected little by these oscillations, which are very 
quickly damped out. 


As already stated, a considerable length of the upper portion of — 


a pile may be subjected to maximum stress almost as great as that 
at the head. This occurs when no interference from the reflected 
wave takes place, the only decrease being that due to dissipation 
of energy by internal and skin friction. The 50-foot Lots Road 
piles provide examples, the maximum stress along the upper half 
of the pile remaining approximately constant (Figs. 14). In such 
cases compressive failure may commence at some distance below 
the head if a region of weakness exists owing to damage in handling, 
inadequate transverse reinforcement, or poor concrete. 


On purely physical grounds it is obvious that the stress at the 


foot depends to a large extent on the set, small sets producing high 
stresses and vice versa. The foot-stress only becomes important 
under conditions where its maximum value is likely to equal or exceed 
that at the head, assuming head and foot to be of equal strength. 
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It is of practical importance to be able to state under what con- 
ditions dangerous stresses are likely to be set up in the embedded 
part of a pile. The stresses recorded during the driving of test-piles 
under practical conditions (Figs. 13 and 14) show that only in the 
case of piles driven on one site, and that one of exceptionally hard 
driving, were the head-stresses exceeded. Here, the foot-resistance 
was due to a layer of ballast 13 feet thick, and was such as to require 
two to four hundred blows per foot of penetration. 

In order more particularly to specify those conditions under 
which dangerous foot-stresses may be expected it is necessary to 
examine the results in the light of theory. The ground-conditions 
under which high foot-stresses are set up are, in the limiting case, 
represented by the theoretical assumption that resistance to motion 
of the pile is concentrated at the toe. It was therefore anticipated 
that the theoretical analysis on this assumption would furnish a 
reasonable estimate of the actual stresses in driving against a hard 
stratum, when frictional resistance is likely to be relatively low. 
The maximum foot-stresses have been estimated theoretically for 
the second 15-foot pile driven into ground at the Building Research 
Station, and for the piles tested at Lots Road. The estimates were 
made with the aid of the charts described in Appendix H, an 
example of which is given in Fig. 21.* It will be noted that these 
curves refer to the purely elastic set assumed in the theory. The 
combined plastic and elastic set which occurs in practice is assumed 
to be equivalent to a purely elastic set equal to twice the actual 
plastic set plus the actual elastic set. The equivalent elastic set 
thus defined is discussed at greater length in Appendix II. The 
values thus calculated and those actually recorded are set out in 
Table III (p. 176), and in every case the calculated figures are higher by 
20 to 30 per cent. than those recorded. It therefore appears probable 
that the effect of skin-friction and propagation-loss is not negligible, 
even in such extreme cases of high foot-resistance. The charts may 
be regarded as furnishing an upper limit to the foot-stresses and a 
general guide in extending the conclusions arrived at from practical 
data. It is therefore possible, by: using the charts and allowing for 
losses of the order found in the experimental tests, to draw curves 
from which the minimum “ safe” equivalent elastic set may be 
roughly estimated for any combination of hammer, pile, and packing, 
when driving against a hard stratum. By the minimum safe 
equivalent elastic set is meant that set any reduction below which 
may possibly but not certainly result in stresses at the foot as great 
as those at the head. It is thereby implied that the foot is as strong 
as the head. In Fig. 22 * the equivalent elastic set to produce 3,000 
| ie a Tal 


* See Appendix IT. 
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Taste III].—CompPaRIsoN OF CALCULATED AND RECORDED 
Foot-StREssEs. 
Se ee ee eee 


Maximum foot-stress : 
Weight of | Height of Equivalent | Pounds per square inch. 
Pile. hammer : drop: Packing.\|' elastic set |= ————__,_ > a 
pounds. inches. inches. Calcu- Recorded. 
lated. 

Building 980 12 12 felts 0-17 1,700 1,300 
Research 24 J 0:39 1,950 | 1,670 
aren ) 36 3 0-42 | 2,860 | 2,000 

2,000 12 ae 0-19 2,440 1,780 
24 A 0-52 2,800 2,230 

Lots Road 7,400 24 Con- 0-26 3,300 2,600 

(No. 1) tractor’s 
48 Sc 0-45 4,000 3,100 
(No. 2) 24 - 0-23 2,660 1,900 
: 36 a 0-34 3,300 2,760 
48 es 0-41 3,950 3,040 


pounds per square inch in the concrete at the foot for an equal stress 
at the head of a pile of equivalent Young’s Modulus * 5-0 x 106 
pounds per square inch per inch has been plotted against the ratio 
weight of hammer in pounds 

area of pile-head in square inches : 
for values of k/A covering the practical range. Similar sets of curves 
may be drawn for any required head- and foot-stress. Tests have 
shown that the impact-strength of concrete lies between 50 and 
80 per cent. of the cube compressive strength. The head-stress of — 
3,000 pounds per square inch used in plotting the curves therefore 
allows a “factor of safety’ of unity for a concrete of cube com- 
pressive strength 6,000 pounds per square inch. The curves pro- 
vide a method of determining whether dangerous foot-stresses are 
being set up under observed conditions on a contract, and a means 
of examining specified final sets to ensure that the foot of the pile is 
not endangered by too small a set. 

Tensile stresses of short duration but considerable magnitude, 
occurring in the middle portion of the pile, are theoretically possible. 
This was recognized at an early stage of the investigation, and was 
then considered as a possible major cause of failure below ground. 
The results of stress-measurements on piles driven under practical 
conditions, however, do not support this view. 

The results show that to set up high tensile stresses the pile must 
be free to vibrate at its fundamental longitudinal mode, with anti- 


* See Appendix I. 
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nodes, that is, places of maximum motion and minimum stress, at 
its ends. To fulfil these conditions the ground-resistance must be 
low and the head-conditions such that the hammer rebounds early 
and leaves the head free; that is to say, a hard packing and a light 
hammer must be used. Such conditions were realized in the driving 
of 15-foot piles through clay at the Building Research Station. 
Figs. 10 show the records obtained under favourable conditions, and 
the suppressing effect of increased ground-resistance. It was 
anticipated that favourable conditions might exist in the early 
stages of driving piles at Lots Road and the Albert Dock. The 
recorded stresses (Figs. 12) were, however, purely compressive, 
although in their periodic character those at the mid-point of the 
length are similar to the record (b) of Figs. 10. As far as the experi- 
mental knowledge goes, therefore, the evidence is against the occur- 
rence of tensile stresses under practical driving conditions. It is 
interesting to note that no sign of failure in tension was observed 
during the driving of the 15-foot test-pile at the Building Research 
Station, referred to above, although tensile stresses greater than 
the tensile strength of concrete were recorded. 

It may be concluded, therefore, that although under certain 
practical conditions it is possible for tensile stresses of short duration 
to be set up, yet those conditions themselves ensure that the state of 
affairs favourable to tension exists for a few blows only, insufficient 
to cause failure. Thus tensile stresses can only be set up in the initial 
stages of driving when the driving resistance is low and the set per 
plow therefore large, a condition which persists for very few blows. 

The question of the likelihood of damage due to eccentricity of 


Although eccentricity will clearly increase local compressive stresses, 
particularly at the head, mathematical investigation shows that 
the tensions due to eccentricity of blow are too small to cause 
failure. If, however, the number of impacts per minute is large, as, 
for example, with double-acting steam-hammers, there is a possibility 
of the flexural vibrations due to the eccentricity being augmented by 
resonance. The phenomenon is unlikely to be met with in pile- 
driving with drop-hammers where the period of flexural vibration 
is in most cases considerably less than the interval between blows. 
To give an idea of the frequencies involved, it may be stated that 
a pile 70 feet by 18 inches by 18 inches would vibrate at about 105 
: cycles per minute, one 40 feet by 14 inches by 14 inches at 250 
cycles per minute, and one 20 feet by 7 inches by 7 inches at 500 
cycles per minute. Gauges were on two occasions cast in test-piles 
at positions a little distance away from the axis, with the object of 
detecting flexural vibration, but the experiment produced a negative 


the blow is one which has been brought forward from time to time. 
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result. Deflection of the toes of long piles in uneven ground un- 
doubtedly accounts for the majority of tension failures below ground. 
Long and comparatively flexible piles will obviously be most liable 
to this type of failure. Unfortunately it does not appear possible to 
devise any method of prevention or any simple means of detection 
of this deflection. 


The Effect of Driving Conditions on the Set of the Pile.—In the © 


course of the investigation a considerable amount of information 


Fig. 16. 


o4 © = 2000 Pound Hammer 
@= 980 ,, 


480 4 
F. Denotes Felts. 


Penetration of Point 10 Feet 


o3 


SET: INCHES. 


o1 


1000 2900 
ENERGY OF HAMMER: FOOT-POUNDS, 

Eneray or Hammer Aanp Set or 15-Foor Pin Driven Into Stirr 

CLAY. 


has been obtained on the effect of driving conditions on set. It is 
widely recognized that the energy-efficiency of driving increases with 
the weight of the hammer used. In agreement with this are the 
results of tests on the 15-foot piles, which also show that the effect 
is less marked for easy than for hard driving. Fg. 16 shows the 
variation of plastic set with weight of hammer for a 15-foot pile 
(A5) driven into stiff clay, and demonstrates that the set for a given 
energy increases with the weight of the hammer. Thus 2,000 foot- 
pounds of energy produced sets of 0-02, 0-04, and 0:07 inch per blow 
with the 480-, 980-, and 2,000-pound hammers respectively and a 
head-cushion consisting of twenty-four thicknesses of }-inch felt. 
For the easier conditions of driving provided by the 15-foot pile 
(A6) driven into soft clay the gain in energy-efficiency due to using 
a 980-pound hammer in place of one weighing 480 pounds was very 
small. 
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_ The use of a heavy hammer has another advantage at least as 
umportant as that of energy-efficiency. Theory and experimental 
evidence show that, when the heights of drop are adjusted so as to 
give the same maximum head-stress, the set increases with the 
weight of the hammer. For easy and moderately hard driving this 
is shown by the results of tests on the 15-foot piles driven into 
ground, one of which provided the data for Fig. 17. The plastic 
sets are plotted against the maximum stresses at the head, the lines 
connecting points obtained with the same hammer but various 
heights of drop. For example, with a packing of twelve felts and 
a head-stress of 2,000 pounds per square inch the sets are 0-02, 
0-06, and 0-11 inch per blow with the 480-, 980-, and 2,000-pound 
hammers respectively. Similar results were obtained from the test 
driving of the pile A6 into soft clay. Experimental evidence is 
lacking for hard driving, but theoretically the same effect should be 
obtained. 

The stiffness of the head-cushion has been shown to have an 
important effect on stress; its effect on set is also considerable, 
with the important difference, however, that the effect on set is 
much more dependent on ground-conditions. 

Within the range investigated the energy-efficiency of a hammer 
is found to be greatest when the stiffest packing is used, the gain 
of efficiency increasing with hardness of driving. For example, the 
energy-efficiencies of the 480-pound and 980-pound hammers used 
to drive the 15-foot pile A6 through soft clay were practically un- 
affected by replacing the packing of four }-inch felts by one of 
twenty-four felts. For moderately hard driving, however, Fig. 16 
shows that an appreciable decrease of energy-efficiency accompanies 
a reduction in the stiffness-constant. Again, it was observed that 
when, during the last stages of the driving of the 50-foot Lots Road 
piles, test-blows were delivered using thicknesses of twelve and 
twenty-four felts as packing, the sets for a particular drop were in 
every instance greater with twelve than with twenty-four felts. 

This effect is important in connection with the probable accuracy 

_ of the bearing capacity of a pile as determined from test-blows. It 
is widely recognized that no bearing-capacity formula can be 
expected to be of general application, and that the successful use 
of any formula is largely dependent on the ability of the user to 
make appropriate allowance for ground- and driving-conditions. It 
is obviously of advantage to reduce the number of factors for which 
allowance has to be made; it has been shown above that an impor- 
tant factor affecting set is the stiffness of the head-cushion, and 

that the energy-efficiency of a blow decreases with reduction in the 
k/A value to an extent which depends on the driving resistance, 
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It is therefore of the greatest importance that the packing used for 
k ‘ 
the test-blows should not be new, since the 7 value of new packing 


is always low and dependent on the type of material employed. 
Specifications which require a certain final set per blow with a view 
‘to determining bearing-capacity are of doubtful value unless it 1s 
also laid down that well-compacted packing shall be used. This 
ensures that the maximum set for a given height of drop is attained. 


o4 


O =2000-lb. Hammer 
@®= 980 ,, 
© = 480 .,, 
Penetration 10 Feet. 


o3 


SET: INCHES. 
° 
Nv 


O71 


PILE AS 


° 
MAXIMUM STRESS AT HEAD: POUNDS PER SQUARE INCH. 
Variation or Ser with Maximum Hzeap-Srreuss ror 15-Foor Pie. 


The use of a standardized form of packing for this purpose would 
obviously be the ideal, but in the light of present information it is 
difficult to suggest a suitable form in which a packing could be 
standardized. 

The greatest set for a given maximum head-stress is produced by 
the use of the packing of lowest stiffness. It is clear that this must 
be so for easy driving, since the energy-efficiency is practically 
unaffected by packing stiffness whilst the maximum head-stress is 
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dependent on it. Fig. 17 demonstrates the effect for moderate 
driving, and, although there is no experimental evidence for hard 
driving, theory indicates that in this case also the maximum set for a 


given head-stress is obtained by using the packing of lowest * value. 


Another observation of considerable importance is that the. 
efficiency of driving, particularly in hard driving, increases with the 
maximum head-stress attained ; this is seen to be a consequence of 
the fact that in hard driving drops less than a certain height cause 
no permanent set ; it is illustrated by the curves of Fig. 16 and by 
the following figures relating to the driving of a 50-foot pile at Lots 
Road; at the penetration of 41 feet 6 inches the permanent sets 
for drops of 24, 36, and 48 inches with the same head-cushion were 
0-04, 0-10, and 0-19 inch respectively. 

It is therefore particularly important in hard driving that for 
efficient set-production the head of the pile should remain un- 
damaged, as the maximum stress that may be sustained by a 
damaged pile-head without progressive disintegration is always 
considerably less than the maximum for a sound head. 

The Most Favourable Driving Conditions.—It is now possible to 
consider what are the most favourable driving conditions. They 
may be defined in two different ways: they may be either those 
conditions which produce the greatest set for the least expenditure 
of driving energy, irrespective of the stresses induced in the pile ; 
or those conditions which produce the greatest set for the lowest 
stresses in the pile, irrespective of the energy expended. Since in 
most cases protection of the pile from failure is the first considera- 
tion, and the amount of energy expended, within reasonable limits, 
is of minor importance, the Authors concern themselves mainly with 
the reduction of driving stresses to a minimum. 

It is important to realize that normal factors of safety, as employed 
in other branches of engineering, do not generally apply to the 
driving of reinforced-concrete piles by present-day methods; the 
margin of safety is in many cases small and is sometimes non- 
existent. It has been’stated previously that the impact-strength of 
concrete varies between 50 and 80 per cent. of the cube compressive 
strength. Since it is impossible at present to define the relationship 
within closer limits, a maximum stress of 50 per cent. of the cube 
compressive strength may be regarded as representing what may 
be termed a driving factor of safety of unity. The calculations 
given in Appendix II are made on this basis, but it must be 
emphasized that it is not to be regarded as adequate. 

_ Within the range of conditions investigated it has been shown that 
the most favourable conditions of driving, represented by the value 

12 
Fs 


“ 


by 


of the factor 
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set 

maximum head-stress 
when the heaviest hammer was used in conjunction with the head- 
cushion of lowest stiffness, and that there is feason to suppose that 
this rule can be applied generally and is virtually independent of 
the type of ground into which the pile is driven. 

Under certain conditions of moderate and hard driving the use of 
a head-cushion of low stiffness involves a loss of energy-efficiency. 
In few cases, however, is the loss likely to be of sufficient magnitude 
to justify the employment of a stiffer cushion, since in most piles 


, occurred without exception 


the margin of strength would not be large enough to permit an 


appreciable increase in driving stresses. It appears, therefore, that 
modifications of driving equipment to obtain better driving con- 
ditions should be such as to increase the duration of the blow and 
reduce the maximum value of the stress. 

The Peak-Stress Indicator—Tests carried out with the impact- 
machine at the Building Research Station and on a test-pile driven 
at the Albert Dock showed that the maximum head-stresses could 


be measured with the peak-stress indicator with a possible error of — 


about + 15 per cent. 
The instrument may be used for two purposes, firstly, to measure 


the maximum stress at the head of the pile at a particular stage in © 


the driving, and secondly, to indicate, by the lighting of the neon- 
lamp, when the maximum stress at the head exceeds a certain pre- 
determined value. From the value of the maximum head-stress it 


is possible to determine (i) the packing constant be and (ii) an_ 


approximate value of the impact-strength of the concrete, by 
measuring the maximum head-stress at the greatest height of drop 
that can be used without head-failure. 

It is clear that, when set to indicate any maximum head-stress 
above a predetermined value, the instrument acts as a danger- 
signal in respect of head-stress, giving warning when the height of 
drop should be reduced or new packing placed in the helmet. 

It is hoped shortly to make the instrument available in a form 
suitable for practical use. 


Errect or MANUFACTURING CONDITIONS ON ImpPActT-STRENGTH. 


Amount and Disposition of Reinforcement.—The effect of varying 
the percentage of main reinforcement is illustrated in Table IV. 
The results show that under the test conditions no advantage was 
obtained by using the heavier reinforcement. The development of 
transverse cracks during driving, on the other hand, was consider- 
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ably more pronounced in the piles with lighter reinforcement, 
though occurring in both. They began to open at a fairly early 
stage in driving, but, in spite of the high impact-stresses to which 
the piles were subjected, did not reach a condition at which they 
could be said to endanger the stability of the pile. It is concluded, 
therefore, that the critical factors in determining the amount of 
longitudinal reinforcement required are considerations of resistance, 
not to direct impact-stresses, but to the possibility of transverse 
strains occurring either during handling or by deflection of the toe 
by obstructions met during driving. 

Close spacing of lateral ties, as was to be expected, was found to 


give a marked increase of resistance to failure, and the only limit to 


the advantage which can be obtained in practice would appear to 
be that arising from the need to allow sufficient room between ties 
for the placing of the concrete. 

Since foot-stresses may be equal to, and in certain cases exceed, 
those at the head, it follows that the spacing of ties at the foot 
should be not less than at the head. In the central portion, how- 
ever, experimental evidence shows that a wider spacing may with 
safety be employed. At first sight this result may appear to con- 
tradict the experimental evidence, which has shown that impact- 
stresses in the middle of the pile may be nearly as great as those at 
the head. It is explained, however, by the fact that at the 
extremities of the pile the lateral support is not as great as in the 
middle, since it comes only from above or below the section under 
consideration and not from both sides. At the ends of the pile, 
also, the stress in the main reinforcement is not fully developed. 

The use of an external steel band, the upper edge being placed 
nearly flush with the pile-end, was found to give a greatly increased 
resistance. On 15-foot piles two types of band were tested and 
were nearly equally effective. Hach was 7 inches square overall, 
the first 2 inch thick and ? inch deep, the second } inch thick and 
24 inches deep. Under test the top surface of the concrete remained 
intact throughout, whilst the reinforcement was exposed by spalling 
for about 14 inches below the ring. This experience supports that 
obtained. during the driving of test-piles under contract conditions, 
and suggests that strengthening the head of the pile externally 
provides a simple and effective means of obtaining an increased 
resistance to failure. 

Type of Cement and Age at Test.—Three types of cement were 
investigated: normal Portland, rapid-hardening Portland, and 
aluminous. There is no evidence to show that any of these types 
is definitely superior, apart from considerations of hardening period, 
to the others. Tests show that approximately equal impact-strengths 
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are developed by normal Portland cement at 28 days, rapid- 
hardening Portland cement at 7 days, and aluminous cement at 
about 2 days. The results for aluminous cement, however, were not 
consistent. -It is interesting to note, also, that although consistently 
high compressive strengths were developed in all the piles made 
with aluminous cement, compared with those made from the other 
two types, this trend was not uniformly reflected in the impact- 
strengths. It has been suggested that in the case of certain cements 
there is a critical period during which the impact-strength of the 
concrete is temporarily reduced and subsequent to which the 
strength again increases. Tests made at the Building Research 
Station have not so far shown any signs of such a period, but 
indicate a progressive increase of impact-strength. A final opinion 
on this point cannot yet be given. 

Cement-Content.—The effect of cement-content is illustrated in 
Table IV, both sections of which demonstrate that, within the range 
of mixes investigated, concrete made with rapid-hardening Portland 
cement exhibits no great increase of impact-strength in mixes richer 
than 1:14:38. A similar tendency is revealed in the compressive 
strength of the control specimens, and has, in fact, been well- 
established by previous investigations. There is no doubt that 
concrete made with normal Portland cement follows the same 
general rule, but it is not at present known whether aluminous 
cement concrete also exhibits this tendency, or to what extent, in 
the case of all types of cement, it is dependent upon other factors, 
such as the grading*of the aggregate. 

Curing.—The effect of curing upon driving resistance is very 
marked. The results demonstrate that, whatever type of cement 
is used, a substantial increase of impact-strength is obtained by 
curing the pile under damp sacks at least during the initial stages 
of hardening. 

Type of Aggregate.—The results given in Table V (p- 186) show that 
concrete made with a crushed stock brick aggregate gave only aslightly 
lower impact-strength than concrete made with gravel, although 
the static compressive strength was little more than half. It is 
possible, therefore, that by using a crushed brick aggregate of high 
compressive strength an impact-strength greater than that of gravel 
concrete might have been obtained. This view is supported by 
experiments conducted elsewhere} which have indicated that 
increased impact-strength can be obtained by using aggregate the 
individual stones of which have a pronounced angularity. A dis- 
advantage of angular aggregates in practice, however, is that the 


1 FF, Wenzel, “ Beitrag zur Stossfestigkeit von Beton,’’ Leipzig, 1934. 
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operation of compacting is made considerably more difficult ; this 
may result in a loss of strength due either to insufficient compacting 
or to the necessity of using a higher water-cement ratio. It was found 
in making the piles with brick aggregate at the Building Research 
Station that satisfactory compacting could only be obtained by the 
use of an electric vibrator on the sides of the moulds. 

No information has yet been obtained regarding the effect of 
granite and other stone aggregates upon impact-strength. It is 
expected that this matter, and others connected with the effect of 
aggregates in general, will be more fully investigated in the near 
future. 


Trsts on Packinc MATERIALS. 


Earlier in the Paper it was stated that two forms of test to 
destruction appeared to be necessary : the first, a series of tests on 
large specimens under conditions approximating to those encountered 
in practice; the second, a series of tests on small specimens under 
conditions in which a greater number of specimens could be tested. 
and more accurate control obtained over the driving variables. 

A suitable machine, ‘capable of automatic operation, has been 
constructed for this purpose, but the projected series of tests has 
not yet been begun. At the present time the machine is being used 
for tests of packing materials. For this purpose a steel anvil has 
been constructed containing a central piezo-electric quartz gauge 
for recording stresses. The specimen of packing is placed between 
the anvil and a steel cap which fits over it. The specimen is sub- 
jected to repeated blows, giving a stress which is maintained as 
nearly as possible at a constant value of 3,000 pounds per square 
inch by gradually reducing the height of drop as the packing con- 
solidates. At suitable intervals during the test records are taken 
of stress and strain for selected heights of drop, the former by means 
of the piezo-electric gauge and the latter by the trace of a stylus 
fixed to the hammer and recording on metallic paper mounted 
rigidly on a suitable frame. By this method the progressive 
deterioration of the packing and the change which is occurring in 


the value of the stiffness-factor 4 are recorded. 


As the work is still in progress no final conclusions can yet be 


formed. The results given in Table VI, however, suggest that many 
of the materials in common use are very far from ideal. There are 


k 
great differences in the value of the stiffness-constant 4% between 


one packing and another, and in most cases a very considerable 
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TapLe VI.—HELMET-PACKINGS. 


Variation of Stiffness-Factor & with Number of Blows. 


Value of y in pounds per square inch per inch 


for a 1-inch thickness! of packing and at a 
stress of 3,000 pounds per square inch (derived 
Material. from area under stress-deformation curve as 
described in Paper). 


After 25 blows. After 4,000 blows. — 
Pelee el see ene aale PON cs 18,500 49,000 
Coiled hemprope ... . 30,000 48,000 
Sack-cloth 73 . 9 < .«. sn J% 23,000 40,500 
Asbestos fibre . . .. . 28,500 30,500 


Hard wallboard. . . . . 35,500 49,000 


1 The thickness of the packing is defined for purposes of comparison as the 
thickness under the static weight of the hammer (200 pounds, equivalent to 
16 pounds per square inch) after 25 blows have been given for initial con- 
solidation. 


increase in the constant as a result of repeated impact. It will be 
noticed, however, that a packing consisting of asbestos fibre exhibited 
not only a reasonably low stiffness-constant at the beginning but 
maintained this condition almost unchanged. The suitability of 
this material for use under practical conditions has not yet been 
confirmed. 


Summary or Concotusions.! 


The investigation has confirmed that the wave-theory of the 
propagation of stress in elastic rods may be applied in estimating the 
stresses induced in reinforced-concrete piles during driving. 

Methods of measuring the strains using the piezo-electric property 
of quartz have been developed and used in full-scale piles driven 
under practical conditions. 


It is shown that the conditions at the head of the pile, namely, the | 


dolly and the packing in the helmet, play a fundamentally important 
part in determining the stresses. 

For ordinary conditions of driving, the stresses at the head are 
higher than those at any other point along the length of the pile, and 
for piles of lengths greater than 30 feet are independent of the set of 
the pile or the conditions at the foot. Fig. 18 (p. 195) enables the 
stresses at the head to be estimated, provided the constants for the 
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Inst. C.E. 


aa 
_ saan eee ee 


~ 2 7 
_ 
et 


OF REINFORCED-CONCRETE PILES DURING DRIVING. 189 


weight of hammer 

cross-sectional area of pile 

Under hard conditions of driving a wave of compression is reflected 
from the foot of the pile, and the stresses at this point have a theo- 
retical maximum, assuming no friction or propagation loss, equal to 
twice the stresses at the head. The greatest value recorded was 
50 per cent. greater than the head-stress. 

The foot-stresses are shown to depend on the total movement at 
the foot, not on the set alone as ordinarily measured, but on both the 
permanent or “ plastic ’’ set, and on the temporary earth movement 

_ at the toe or “ elastic ” set. A simple method is given for measuring 
the “ plastic” and “elastic” sets, and methods are outlined for 
estimating the foot-stresses and for determining when dangerous 
conditions are likely to be reached. 

The best conditions of driving are obtained by using the heaviest 
possible hammer, together with the softest head-cushion, the height 
of drop of the hammer being adjusted to give a safe head-stress. 
Both increasing the weight of the hammer and decreasing the stiffness 
of the cushion have the effect of reducing the maximum stress and. 
increasing the duration of the stress. 

The head-stress may either be estimated from the constants for 
the head-conditions or may be measured directly by means of a 
peak-stress indicator which can be fitted to the hammer and may be 
used as a warning of dangerous head-stresses. When used in con- 
junction with measurements of “ elastic” and “ plastic ” sets it also 
enables foot-conditions to be assessed. 

Under certain conditions of easy driving, a wave of tension is 
reflected from the foot, and high tensile stresses may be set up at the | | 
middle of the pile, the pile vibrating at its natural longitudinal |/' 
frequency. 

Under conditions of hard driving the compressive stresses are high 
and may exceed 3,000 pounds per square inch. Since the impact- 
strength of the concrete may be only 50 per cent. of the cube com- 
pressive strength, it is clear that only high-strength concrete can be 
expected to stand up’to hard driving conditions. It appears that 
unless driving methods can be materially altered it will be necessary 
to work to low factors of safety. Such alteration would need to take 
the form of a device for increasing the duration of the impact of the 
blow and reducing its maximum value. Possibilities that appeat ~~ 
worthy of consideration are ‘hydraulic or pneumatic cushions, 

Various forms of head packing materials have been tested in a 
special machine operating in such a way as to apply measured 
stresses to the specimens. No ideal material that can give low and 
constant stiffness at low cost has yet been found. The first two 


head-cushion and the ratio are known. 
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requirements have been satisfied best by a packing of asbestos fibre. - 
The cost may, however, prove prohibitive if means are not adopted 
for repeated use of packings. In this connection the possibility of 
placing the major portion of the packing on the upper side of the 
helmet should be considered. In this way it should be possible to 
use much thicker and softer packing. 

It is shown that slight irregularities and carelessness in placing the 
head-packing and in the manufacture of the pile may be sufficient in 
themselves to cause failure. It is, therefore, of great importance 
that care should be taken in placing the packing and constructing 
the pile, particularly at the head. All surfaces in the helmet should 
be truly plane and at right angles to the axis of the pile, and the head 
of the pile should be carefully formed. Care should be taken to 
restrict the water-content as far as is compatible with the production 
of a thoroughly dense and well-compacted concrete, and the mix 
should preferably be not leaner than 1:13:38 (nominal), that is, 
1 cwt. cement: 1% cubic feet sand: 3} cubic feet coarse aggregate. 
Curing damp should be prolonged for as great a period as practicable. 

To avoid excessive compression stresses due to combined bending 
‘and compression it is desirable that the blow should be delivered as 
nearly concentrically as possible, and that the fall of the hammer 
should be parallel with the long axis of the pile. The tensile stresses 
likely to be induced by the transverse vibrations caused by eccen- 
tricity of blow are small. 

Strengthening the head by means of external bands has been 
shown to be an effective means of reducing the likelihood of head- 
failure. 

From considerations of failure by purely compressive stresses the 
amount of longitudinal reinforcement plays a small part in resistance 
to impact, and handling stresses and bending imposed by wandering 
of the toe must be regarded as its governing factors. 

The dependence of the set produced on the packing conditions 
indicates the importance of specifying the condition and nature of 
the packing to be used in determining the sets on which bearing — 
capacity is estimated. Failing a standard packing, it should at least 
be specified that the packing shall be well compacted, thus ensuring 
the maximum set per blow. 


In conclusion, the Authors wish to acknowledge their very great 
indebtedness to Mr. E. N. Fox, M.A., B.Sc., for his invaluable 
assistance with the mathematical work involved in the investigation. 
Their thanks are also due to Mr. A. Hiley, Assoc. M. Inst. C.E., for 
helpful advice and criticism throughout the work; to Mr. W. L. 
Scott, M. Inst. C.E., and Messrs. Concrete Piling, Ltd., for arranging 
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M.Eng., M. Inst. C.E., Messrs. Samuel Williams and Sons, and the 
British Steel Piling Co., for help at the London University site ; 
and to Mr. G. M. Burt, Assoc. Inst. C.E., for arranging for tests to 
be made at the Albert Dock and for much encouragement at all 
stages of the work. 


The Paper is accompanied by twenty-six blue-prints and three 
sheets of photographs, from which the Figures in the text and the 
half-tone page plates have been prepared, and by the following 
Appendixes. 


APPENDIX I. 
Tue DEVELOPMENT OF THE MATHEMATICAL THEORY. 


Notation.—The notation used in the mathematical theory is as follows :— 


M denotes the mass of the hammer. 
Be ES », effective height of fall of the hammer. 


V a », velocity of the hammer on impact. 

My ;, ,, mass of the pile. 

p sy », mass density of the pile as a whole. 

A ;, total area of cross section of the pile. 
_ ,, length of the pile. 

Dy oe ,, ratio of longitudinal reinforcement. 

Po re ,, ratio of transverse reinforcement. 


E, ,, Young’s modulus for concrete. 

E, ,, Young’s modulus for steel. 

the effective Young’s modulus for the material of the pile. 

Poisson’s ratio for concrete. 

velocity of longitudinal waves in the pile. 

time after the beginning of impact. 

co-ordinate of any cross section of the pile measured from 
the head of the pile. 

displacement of cross section from initial position. 

displacement of the head of the pile. 

displacement of the foot of the pile. 

displacement of the hammer, measured from its position 
at t= 0. 

force to produce unit compression of the assumed head- 
cushion. 

force to produce unit compression of the assumed foot- — 
resistance. 


. 
. 
» 
~ 


ky ? 9 


7 


Gh Re. ,» equivalent purely elastic set at the foot + —. 


- a 
Assumptions Made in the Theory.—It has already been stated that the stress- 
wave travels along the pile with a mean speed dependent on the ratios of longi- 
tudinal and transverse reinforcement and on Young’s Modulus for the concrete. 
_ The problem of a reinforced-concrete pile can therefore be reduced to that of an 


~ equivalent homogeneous pile, which means that the assumption of plane cross 


‘ 
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sections remaining plane during impact is true for a reinforced-concrete pile 
in the same way as for a homogeneous pile. Before using this assumption, its 


validity was tested by analysing mathematically the simple case of a circular 


pile with one circular reinforcing bar at its centre. In the analysis, the effects 
of radial variations of displacement, stress, etc., were taken into tee oe a 
radius 
it was then found that, save for certain terms containing the factor f= 
and therefore negligible in practice, the longitudinal displacement was uniform 
over the cross section, #.e. plane sections remained plane. Furthermore, it was 
found that the radial stresses between the steel and the concrete, due to a 
difference in their Poisson’s ratios, were also negligible. The longitudinal dis- 


C) ; ‘ : 
placement é, and therefore the strain 8 being uniform over the cross section, 


8x” 
it follows that 5 
compressive stress in concrete = — E¢ Sx 
‘ A : 3g 
4 compressive stress in steel = — Es 3x 
: ; ; , 0€ 
and mean compressive stress in cross section = — # ie 


The equivalent Young’s modulus for the pile as a whole is given by the 
expression 


2 


. 1 — 
{E, + (Bs — E.)py} ‘7, + (Zs — Ee)pi + Expl °\ 
FR * 


2 


In practice the effect of the transverse reinforcement may be neglected ; 
its ratio is so small that it has a negligible effect on the longitudinal waves, 
as will be seen by inserting numerical values for p, in the formula for H given 
above. Hence 


1 — o — 20? 
E, + (Es — Ee)pi + Binders) 


E=H, + (Es — Ee)py 


The original theoretical treatment included constants defining the effects of 
permanent set and frictional resistance in the head-cushion. Experimental 
evidence has shown that such effects may be neglected. 

The foot-resistance is, in practice, partly elastic and partly plastic. Any 
differences between the assumed and actual foot-conditions will cause the 
calculated and observed values to differ most widely at the foot, and it is 
therefore best to assume a foot-condition which corresponds most closely to 
that in which the foot-stress may become important, namely, severe driving 
against a hard stratum. Under such conditions the greater proportion of the 
set is elastic. ; 

It was therefore decided to assume a purely elastic foot-condition, and when 
applying the theory in practice to use an approximate formula equating the 
observed plastic plus clastic set to an equivalent purely elastic set, to which 
the theory would be applied directly. 

The effect of dissipation of energy due to propagation-losses in the pile has 
not been included in the theory, since very little information concerning it 
exists. Dissipation will tend to reduce the stresses. The effect of skin-friction 
will be of the same nature from the practical point of view, since it will tend 
to decrease the amplitude of the stress-waves as they travel along the pile. 
The effect of neglecting both propagation-losses and skin-friction is therefore 


~ 


= a 
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to make the theoretical stresses higher than the actual stresses; that is, the 
error is on the safe side. 
The theory as developed for practical use is based on the following assump- 
tions :— 
(1) That the pile is undamaged when driven. 
(2) That the pile behaves as a linearly elastic rod. 
(3) That stress-waves in the hammer may be neglected. 
(4) That the conditions at the head are equivalent to a linearly elastic 
spring interposed between the pile and the hammer, 
(5) That the foot-resistance is elastic, the foot-pressure being proportional 
to the downward foot-movement. - 


Mathematical Analysis——By considering the equation of motion of a small 
length dz of the pile, the usual wave-equation 


Ste Se 
TT) moka % 


E 
follows immediately, where a? = — - 
p 


i x 
This has the general solution = f (« == =) 4 F (: 4+ *), ue ee oe 4) 


representing waves travelling down and up the pile. The total pressure across 
any cross section 
dg 
ae As 
A bu 
and the pressure at the head of the pile = the elastic pressure in the packing = 
the pressure retarding the hammer. 


5é “ss 
=H og na ee 
Thus AE( = ba (n — 0) 1 
where the dashes denote differentiation with regard to t. 
M Mt 
Hence f — f= —- few Eh ee pee 7 h(4) 
Now, from (2), fo = f(t) + Ft) 
sé rae = Paes I oa ae een A (5) 
— =—-f(t - Ft 
Thus Gate - f(t) + Fl) 
- AH AE 
From (8) and (5), My? = — a I) + 7 F'(t) 
AE | 2A 
; =— — B= iM()) Besos nee AS 
; ~ fot FM) 


Hence, eliminating £, from (4) and (6), 
Mka 
at eee 4/7 k ¢ — QF’ 1 D F 3 2 A « 7 
Mn!” + Fag + hn (t) (7) 
It is obvious that no reflected wave reaches the head of the pile until a time 


: 21 
a Z has elapsed, so that, when F(t) SHKOLi< St i ti es (8) 
a 


a.) |? 


For this period equation (7) therefore has the simplified form 
a! + Qn! + py =0,- - 2 6 eso (9) 
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4 ka 
where PA ch rie 
AL . (10) 
ae 
P= 
The initial conditions at t = 0 are :— 
i, 12 phasic doe ane 
nf = V = V 29h 


é=0 


mapa Eva mmm oer 


If p? > n®, which covers the range of practical conditions, the solution of - 
(9) which satisfies the initial conditions is 


n= eae {[q? — n®]e— mt sin gt + 2gn(1 — e—t cos gt)} 
qp 


— Pace —e—M cos gt) — ne— sin gt} 
where g? x= pnt aw eh a”. ea 


21 
m is thus given by (13) for the interval of time 0 Z t << pe Hence, from 


equation (6), &) = f(t) is given, since F’(t) = 0 from equation (8). 
The assumption of a linearly elastic foot-condition is expressed by the 


; bé 
equation _ na( =") na kyé, 


a=l 
72 9 ‘) r( a k ie s) AG ‘\t iz 
Erg BA Rest hes ty Ne —=)+H(t+5 Sag 
By virtue of equations (8) and (12) equation (14) may be solved for F to 
obtain the equation 


1 naa | ka [' — BS 0—-y 
Kets )=s(t—2 Le tly — i )a sibel 


which gives F for any one interval in terms of f for the preceding intervals. 
The determination of f and F from equations (4), (6), (8), and (15) then 


2l 
proceeds by successive intervals * of t. 


In this way é, which equals f (1-2 V4 w(t +2 “) can be found for all 


values of ¢ and a, and the compressive stress — 25) across any soukicn 


8a 
can also be determined. It was found that all constants could be expressed 


M kl kyl : 
in terms of th dit 1 tants — i 
e of three non-dimensional constants My ha? and — BA’ , and to obtain the 8 
charts given in Appendix IT it was necessary to evaluate for different sets My 
values of these constants. 
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APPENDIX II. 


CHARTS FOR HEAD- AND Foot-StRESSES WITH WORKED EXAMPLES, 


The results of numerical evaluation of the mathematical expressions for the 
stresses have been collected in the form of charts, from which the maximum 
stress at the head and foot for driving conditions of practical importance may 
be determined. 

From Fig. 18 the maximum stress at the head of a pile of average elasticity 
can be estimated when the driving conditions at the head are known. These 
curves are applicable to piles where the maximum head-stress is unaffected by 
the reflected wave from the foot, that is, under normal conditions, to piles 
over 30 feet long. To make use of the curves it is necessary in the most general 


Fig. 18. 
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a Maximum Huap-Prussurz ror 1 Foor Drops 
(For a drop of h feet, multiply stresses by /h.) 


case to know the weights of the hammer and helmet, the height of drop, the 
area of the pile-head, the elastic constants of the pile, and the stiffness &/A of 
4 the head-cushion. Csi 

4 Before explaining the use of the chart, it is necessary to amplify the definition 
of the symbol &/A, denoting the stiffness of the head-cushion. It has already 
been stated that for a hardwood dolly, k/A is given with sufficient accuracy 
4 


, la 
ah Fe (see p. 172), 


where EZ’ denotes Young’s Modulus of dolly, 
Vv ,, the length of dolly, 
A ,, the cross-sectional area of dolly. 


_ For soft materials, such as felt and the helmet-packings commonly used in 
practice, the static relation between stress and compression in the packing is 
non-linear, and is of the form shown in Fig. 19 for felt. The simple relation- 
ship given above for the ideal case and assumed in the theory is no longer 


by the expression 
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applicable. The practical material may, however, be related to the theoretical 
in the following manner. The packing is replaced, for the purpose of calcula- 
tion of stress, by an equivalent linearly-elastic spring whose stiffness, /A, 
depends on the maximum stress P in the packing. This equivalent elastic 
spring is such that the work done in compressing it up to a stress P pounds 
per square inch is the same as for. the actual packing. Expressed graphically 
in Fig. 19, if PT defines the equivalent elastic spring then 
area OQPNO under curve = area PTN under line 
Sy AEN)? 
Say 2 eps 
magi Be 
2 EIA 
Pp? 

2.(area OQPNO) 


Hence 


Fig. 19. 
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PRESSURE: POUNDS PER SQUARE INCH. 


T 70 N60 50 
THICKNESS OF FELT: THOUSANDTHS OF AN INCH. 


CoMPRESSION-CURVE FOR FET. 
(Nominal initial thickness } inch.) 


k/A may thus be calculated for different values of P and a curve obtained 
as in Fig. 20. 

Since the effective &/A is thus a function of the maximum stress in the 
packing (and therefore at the head of the pile), which is unknown, it follows 
that for packings of this type the maximum head-pressure cannot be deter- 
mined immediately from the curves of Fig. 18. If the effect of the dolly is so 
small as to be negligible, it can be found quite rapidly and easily by successive 
approximations as follows. Assume a value P for the maximum head- 
pressure ; then from the stress-compression curve for the material derive the 
corresponding &/A and, using this k/A in Fig. 18, obtain a first approximation 
P, to the maximum head-pressure. Starting with P, repeat the process and 
obtain a second approximation P,; again repeat it until two successive 
approximations to P differ by a negligible amount. 

If the effect of the dolly has to be included, then the value of the constant 
k/A for the whole cushion must be found for each approximation to the 


— 
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maximum head-pressure P, making use, when the area of the pile-head and the 
dolly are equal, of the expression already given, 

In the theoretical analysis, the effect of the weight of the helmet has been 
assumed to be negligible, since that weight is usually a small fraction, of the 
order of one-tenth, of that of the hammer. The effect of the helmet is to 
increase the effective weight of the hammer, and to decrease the effective 
height of drop. For the estimation of stresses by Fig. 18, an approximate 
correction for a heavy helmet may be made by assuming that after the hammer 
strikes the dolly the hammer and helmet move on at the same velocity. Then 


; W F 
the effective height of drop h’ = (, a -) h, 
2 2 Wat ei 


where W denotes the weight of hammer, 
Wh » » weight of helmet and-dolly, 
h » » height of drop of hammer falling freely, 
and the effective weight of hammer = W + W),. 


Fig. 20. 
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UPPER STRESS P: POUNDS PER SQUARE INCH, 
VaRIATION OF Errective k/A witH PRESSURE. 
(Same felt as in Fig. 19.) 


The steps necessary to determine the permissible height of drop of the 
hammer, when the weight of the hammer is known, are as follows. A factor 
of safety of unity will be used. 

It is necessary to know, 

F weight of hammer 
Rep nberyihe weight of 1 foot of pile 
weight of hammer in pounds 

area of pile-head in square inches. 

(2) The stiffness-constant &/A for dolly and packing. In the absence of 

more accurate information limiting values of 10,000 and 40,000 

pounds per square inch per inch at a stress of 3,000 pounds per 

square inch may be used; at lower stresses the appropriate values 

of k/A may be obtained by assuming that the relationship between 

k/A and stress is that observed for felt, that is, k/A is proportional 

to stress (Fig. 20). Thus a packing and dolly having a &/A value 


, which is numerically approximately 


equal to 
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of 40,000 pounds per square inch per inch at 3,000 pounds per 

square inch head-stress has, at 2,000 pounds per square inch head- 

stress, a stiffness-constant &/A = 26,670 pounds per square inch 
r inch. 

(3) Young’s Modulus of the concrete and the percentage of longitudinal 
reinforcement. The values of 4-5 x 10® pounds per square inch 
and 24 per cent. respectively used in Fig. 18 may be assumed as 
reasonable figures. _ 

(4) The cube strength of the concrete. 

The procedure then is :— : 

(a) Determine the appropriate limiting values of k/A ; these are 10,000 and 
40,000 pounds per square inch per inch multiplied by the factor 

4 (cube strength of concrete in pounds per square inch) 
3,000 ; 
since the permissible value of the maximum head-stress is, for the factor of 
safety employed, equal to 50 per cent. of the cube compressive strength. 

(b) Using the values of &/A thus found, obtain from Fig. 18 the stress at the 
head for 1 foot drop. If the weight of the helmet is greater than one-tenth of 
the weight of the hammer, the effective weight of the hammer (that is, the 
combined weight of the hammer and helmet) should be used. 

(c) Determine the height of drop necessary in each case to produce a 


maximum head-stress equal to one-half the cube strength. This is given in 


4 cube strength 
stress for 1 foot drop 
introduced the effective and not the actual height of drop is thus determined. 
The actual height of drop is obtained from the relationship given in describing 
the helmet-correction. It should be noted that the actual height of drop 
referred to here is on the assumption that the hammer is falling freely. This 
assumption will be used throughout this Appendix, since when applying the 
methods to a practical case with a particular type of hammer it is easy to use 
the appropriate correction for the loss of energy of the hammer in its descent, 
and thus to convert the height of free fall as determined above to the practical 
height of drop. 

The limits of the permissible height of drop, for what has been termed a 
factor of safety of unity, are now determined for the particular pile and hammer 
considered. It is clear that the stiffness-constant required for a given height 
of drop can be determined by a similar process. : 

Where the maximum value of the head-stress is affected by the reflected 
wave from the foot, it is possible to represent the stress in a series of graphs 
as a function of three independent variables. 


2 
feet by the fraction ( ) . When the helmet-correction is 


The charts from which the maximum foot-stresses are estimated form 


another series of graphs, of which one is reproduced in Fig. 21. The complete 


A 1 
series covers the range i = 0:1 to 2, the notation being as follows :— 


a denotes the constant of packing and dolly, 


A 
1 >») length of pile in inches, 
Vv oh ot 8V h feet per sec., - 
h ,, ~~ 5, drop of hammer in feet, 
a os », Velocity of waves in pile, in feet per second, _ 
E oe » effective Young’s Modulus for the pile as a whole, 
Zs elastic set (inches) 
1 > a 


Vija 
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In order to make use of the curves the practical combination of plastic and 
elastic sets must be converted to the equivalent elastic set, in terms of which 
the curves are constructed. The expression used—equivalent elastic set 
= actual elastic set + twice actual plastic set—is based on the assumption 


Fig. 21. 
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e,=Equivalent elastic sets 


where V =Striking Velocity of Hammer 
_ 400 =/2gh 

; Dem ]=Length of Pile. 
200 a= Velocity of Disturbance along Pile. 


E= Equivalent Young's Modulus. 


WEIGHT OF HAMMER 


TOTAL WEIGHT OF PILE. 
4 Maximum Foor-Pressurze ror 1 Foor Dror. Data as IN Fig. 18. 
| (For drop of h feet, multiply pressure by ~/h,) 


q 

j that the work done at the foot, for the same maximum stress, up to the point 

at which movement is reversed, is independent of the relative amounts of 

7 plastic and elastic set. This assumption was tested theoretically by evaluating 
particular cases for a purely plastic foot and comparing the results with those 

obtained for a purely elastic foot giving a set equal to twice the set in the 

_ plastic case. The results of the comparison were in good agreement. 
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Table III of the preceding section shows that the estimates derived from the 
foot-stress curves give results from 20 to 30 per cent. higher than those recorded, 
and that they furnish only an upper limit to the foot-stresses in cases of driving 
against a hard stratum. 

Graphs of greater practical value are obtained by combining the results of 
the experimental tests with deductions from the charts for foot-stress. Thus 
curves, applicable to driving against a hard stratum, have been derived from 
which it is possible to determine, for a given set of conditions, whether the 
maximum foot-stress will be as great as the maximum head-stress. A set of 
curves for the average pile of Fig. 18, for the case where the maximum per- 
missible stress in the concrete is 3,000 pounds per square inch, is shown in 
Fig. 22. The equivalent elastic set to produce a maximum stress of 3,000 
pounds per square inch in the concrete at the foot when the height of drop of 


the hammer was adjusted to produce a maximum stress of 3,000 pounds per 


square inch at the head was estimated for a range of ‘‘ weight/area ’’ ratios, 


EQUIVALENT ELASTIC SET: INCHES. 


WEIGHT OF HAMMER __WEIGHT OF HAMMER: LBS. 
WEIGHT OF 1 FOOT OF PILE (~ AREA OF PILE HERE INSE APPROXIMATELY ) 


EquivaLent Exastic Srt ror Prak-Stresses or 3,000 Pounps PER 
SquaRH- Inco at Heap anpD Foor. 


pile-lengths, and packing constants, making allowance for the difference — 


between the theoretical and actual foot-stresses by calculating for a maximum 
stress at the foot 30 per cent. higher than that at the head. It was found that 
the set was practically independent of the pile-length, thus allowing the results 
to be plotted on a single graph. 


The curves are of assistance in two practical cases; firstly, when it is 


required to determine beforehand whether a specified final set with the foot 
in a hard stratum is likely to be accompanied by dangerously high foot-stresses ; 
and secondly, when, during the driving of a pile, uncertainty is felt as to 
whether the foot is being damaged by being forced through a hard stratum. 
In the first case only the permanent set is known, but in the second the elastic 
and permanent sets may be measured at a position some distance away from 


~ ma 


the foot. The quantity required for the calculations is the equivalent elastic ‘ 


set at the foot of the pile. The records of the set of the test-piles show that 
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the actual elastic set for hard driving-conditions varies, for the limited number 
of tests made, over a comparatively narrow range around a value of 0-15 inch. 
The equivalent elastic set in the first case may therefore be determined approxi- 
mately by adding 0°15 inch to twice the specified final (plastic) set. For the 
second case a correction has to be made for the elastic compression of the part 

_of the pile below ground. This depends on the stresses in the pile, but the 
correction may be made approximately by subtracting from the measured 
elastic set 0-004 inch for each foot of pile-length below ground. 

The steps in working out the first case are :— 

(a) Assume one of the limiting values of &/A and work out the height of 
drop of the hammer to give the maximum permissible head-stress, namely, 
3,000 pounds per square inch for the concrete of cube strength 6,000 pounds 
per square inch which will be considered. (This is the procedure already 

~ __ described.) 

a (b) Making use of the height of drop thus determined, find from the pile 
. bearing-formula the set necessary to give the required bearing-capacity, and 
convert this to equivalent elastic set (= twice plastic set + 0-15 inch). 

(c) From Fig. 22 find whether this is less or greater than the minimum safe 
set, for the value of k/A used. 

(d) Repeat (a), (b), and (c) for the other limiting value of k/A. 

For the second case, where the equivalent elastic set is obtained by measure- 
ment and the height of drop is known, a suggested method of procedure is :— 

(a2) Assume the maximum head-stress to be 3,000 pounds per square inch 
(the maximum permissible), or measure the maximum head-stress with the 
; peak-stress indicator for the maximum height of drop used. 

; (b) Derive the corresponding value of k/A for the head-packing and dolly 
| by using Fig. 18. 

(c) Obtain the equivalent elastic set (= twice the measured plastic set + the 
; corrected elastic set for the maximum height of drop). 

(d) From Fig. 22 find whether the minimum safe set for the appropriate k/A 
value is exceeded. If it is exceeded, the maximum head-stress will be greater 
than the maximum foot-stress. 

3 The following example illustrates the use of the figures to determine the 
height of drop to give the maximum permissible head-stress (for a factor of 
safety of unity), and to determine whether the maximum foot-stress is excessive. 

A pile 40 feet long by 14 inches square is driven with a 3-ton drop-hammer 
and 5-cwt. helmet. A load-bearing capacity of 30 tons is required, and the 
; final set is obtained in a stratum of ballast. The cube strength of the concrete 
___ is 6,000 pounds per square inch. What is the maximum permissible height of 
drop of the hammer for a factor of safety of unity ? Will the foot-stress at the 
specified set exceed that allowed by the factor of safety ? 

; P : t weight of hammer 
.. The eats weight of the hammer = 3-25 tons and weight of 1 foot of pile +t of 1 foot of pile 


eee eae 


’ = 37-2. Assume an average pile as in Fig. 18. 

(1) Take &/4A = 40,000 pounds per square inch per inch. Then, from Fig. 18, 
: the maximum head-stress for 1 foot drop is 2,080 pounds per square inch. 
The maximum permissible head-stress is 3,000 pounds per square inch. 
Equivalent height of drop for 3,000 pounds per square inch at head 


3,000 \? 
& (5550) = 2'1 feet. 


Actual height of drop of the hammer 
= (3) . 2:1 = 2°46 feet. 
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Now consider the other limiting condition that &/4 = 10,000 pounds per — 
square inch per inch. From Fig. 18 the maximum head-stress for 1 foot drop 
is 1,550 pounds per square inch. Therefore the equivalent height of drop for 
3,000 pounds per square inch at the head 

+ 2 
it em) = 3-75 feet. 
1,550 


Hence the actual height of drop of the hammer 
3-25\? 
~ lone . 3°75 = 44 feet. 


The calculation thus shows that to maintain the required factor of safety 
under all conditions the height of free fall should not exceed 2°46 feet, and that 
even with fresh packing a fall of 4°4 feet must not be exceeded. : 


(2) Choosing any pile bearing-formula at random for the calculation of bear- 
ing capacity : ; 2 
R= oe EW EPs) at te eee ee 


S+4C 
where R denotes the required load x factor of safety of 3, 
Ww os », weight of the hammer in tons, 
P, 4, », weight of the pile and component parts moved by 


the hammer in tons, 
n 7 ,», efficiency of the blow, 
H a3 ,» equivalent free fall of the hammer in inches, 
8 be ,, set per blow in inches, 
(6 a ,, allowance for the temporary elastic compression. 
7 and C are obtained from Tables prepared by Hiley. 
Then, for &/A = 40,000 pounds per square inch per inch, 
0-53 X 3 Xx 2-46 x 12 
radios S+051 ee 
=e — 0-51 = 0:57 — 0:51 = 0-06 inch. 
The equivalent elastic set is (2 x 0-06) + 0-15 = 0-27 inch. 
For k/A = 10,000 pounds per square inch per inch, 
s= ee aK — 0-51 = 1-01 — 0-51 = 0-50 inch. 
The equivalent elastic set is (2 x 0:50) + 0-15 = 1-15 inch. 
_ From Fig. 22 the equivalent elastic sets for 3,000 pounds per square inch at 
the head and foot with a ‘“‘ weight/area ’’ ratio of 37-2 are 0-52 inch and 0-25 inch 
for packing constants of 10,000 and 40,000 pounds per square inch per inch 
respectively. The calculated equivalent elastic sets to give the required bearing- 
capacity are, for the same lower and upper limits of the packing constant, 1-15. 
and 0:27 inch, the first being considerably and the second slightly greater than 
the minimum permissible. The calculation therefore shows that there is a 
possibility of dangerous foot-stresses with head-cushions of great stiffness. 

It will be noted that in this example the accuracy of the calculated equivalent 
elastic sets for the two packing conditions depends on that of the allowance— 
0-15 inch—for the elastic set. - Similarly, the accuracy of the equivalent 
elastic set as measured during the driving of a pile depends on that of the _ 
correction for the compression of the pile below ground. No high degree of 
accuracy is therefore claimed. ee 


Hence S = 


| 
. 
} 
. 
| 
i 
| 


7 


“ 
5 


_ DISCUSSION. ON BEHAVIOUR OF REINFORCED-CONCRETE PILES 203 


Discussion. 


_ Mr. Grorrrey Grime gave three demonstrations of the experi- Mr. Grime. 

mental methods employed by the Authors. A model pile made of 

rubber-latex, cement and sawdust was used to reproduce waves of 
- the form which occurred in ordinary piles. That special concrete 
__was employed in order to slow up the speed of travel of the waves, 
_ so that a small model would exhibit effects similar to those observed 
- in a full-sized pile. For the first demonstration a peak-stress 
_ indicator was screwed to the hammer, and the height of the hammer 
raised by steps of } inch until the peak-stress indicator came into 
~ operation, which was shown by a neon lamp, so that the peak-stress 
_. then attained at the head of the pile could be determined. 
The second demonstration related to the effect of the foot-con- 
ditions. On the head of the pile there were two thicknesses of felt, 
and in the first case a hard rubber buffer was placed under the 
foot, so that the pile was being driven under comparatively hard 
- conditions. First the head-stress and then the foot-stress was 
shown on an oscillograph, and it was seen that the latter was much 
greater than the former. A soft packing was then substituted 
_ under the foot, representing easy driving conditions, and it was 
shown that the duration of the foot-stress was now much greater 
and its maximum value considerably smaller. 
For the third demonstration a hard packing was used instead of 
_ the felts at the head of the pile and a soft packing at the foot, and 
the oscillograph record was seen to spread out on both sides of the 
zero line, indicating that both compression and tension were set 
up in the pile. 
‘Dr. R. E. Srrapiine said he was grateful for the opportunity Dr. Stradling. 


which had made possible the carrying out of the work outlined in 
the Paper. The investigations had been carried out with the 
- general guidance of a co-operative committee consisting originally 
of Messrs. G. M. Burt, Assoc. Inst. C.H., G. G. Lynde, M. Inst. C.E., 
and A. Melville and officers of the Building Research Station, but in 
the later stages the assistance was obtained of Sir Leopold Savile 
and Mr. G. B. R. Pimm, MM. Inst. C.E. 

Tt was realized that there were many problems remaining in” 
engineering practice which required scientific investigation, but he 


a 
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Dr, Stradling. 
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would suggest that they were all very difficult ones, or they would” 
have been solved long ago. The solution of such problems as that 
discussed in the Paper required the co-operation of the man with 
practical experience and the scientific worker; and not only of 
one scientific worker but*of a group. In the present case the Build-— 
ing Research Station received the advice of the Radio Research — 
Station as to the best way of employing the cathode-ray oscillograph — 
and associated devices. The Paper described work which had 
resulted from the whole-hearted co-operation of practising engineers, © 
research engineers and physicists, and it seemed to him that only 
by such co-operation could reasonable advance be made in the- 
applied sciences. ; 

He did not propose to discuss the Paper in detail, but he would © 
like to draw attention to two questions which were still awaiting 
solution. The Authors had shown in their work that the impact-— 
resistance of concrete could be judged only as being between the 
approximate limits of 50 and 80 per cent. of the crushing strength. 
As such a lack of exact knowledge meant a possible variation of 
the factor of safety between 1 and 1-6, and since most pre-cast 
piles were driven with a very low factor of safety, the difference - 
between those limits often meant the difference between failure 
and success. It was thus a matter of some urgency that the impact- . 
strength of concrete should be very fully investigated. 

The other point which he would like to emphasize was the import- 
ance of the measurement of the elastic set during driving. The 
bearing-power of a pile was usually calculated on the so-called — 
“set,” namely, the plastic set or permanent sinking of the pile 
during the last few blows of driving. The work described in the 
Paper had shown that the elastic set was of importance in the 
determination of stresses during driving, but it was of equal import- | 
ance in relation to the bearing-capacity of the pile, for, when driving | 
took place in soft ground, the plastic set would be much greater in 
relation to the elastic set than when driving in hard ground. One 
case at least was known where trouble had occurred through ignoring — 
that important fact. If the elastic movement had been taken 
into account, the driving would have been carried on to a much 
greater resistance. _ ian 

That consideration of future work led him to the point at which 
he would like to take the opportunity of expressing to last year’s: 
Council of The Institution his deep appreciation of the steps which | 
had been taken to make the Research Committee of The Institution | 
a really live body, and to the Committee itself for the support 
which they were proposing to give to the continuation of the work 
under a co-operative scheme. Further, on behalf of his colleagues’ 
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and himself, he would like to express to The Institution their thanks Dr. Stradling. 
for the opportunity provided by the present Meeting of bringing 

the work done before The Institution for discussion. The work 

had really only been started, but it was of the greatest value 

to those engaged in it to obtain the criticism of The Institution 

while the work was actually in progress, and not to have to wait 

until the end. 
Sir Henry Japp remarked that he greatly admired the ingenious Sir Henry 

methods adopted to determine the effect of hard driving on piles. lepp- 

_ The information given in the Paper did not confirm the statements 

made by manufacturers of reinforced-concrete piles, who claimed 

that the pile would carry the load required so long as the demanded 
set were obtained. That was emphasized in one advertisement 
by a very striking picture of a blindfolded man, but he thought the 
Authors had partly taken away the blindfold, so that something 
could be seen of what took place in the pile beneath the surface. 
A few years ago, the firm with which he was connected had to 
- drive some 1: 2: 4 ciment fondu piles of from 70 to 80 feet in length. 
_ They were octagonal in section, 17 inches across the flats, and rein- 
forced with eight 14-inch bars wrapped on the Considére system 
with +5;-inch wire. The minimum age of the piles when driven 
was 3 days, but most of them were 7 days old. A 6-ton monkey . 
was used for driving with a fall of 3 feet 6 inches, the set specified 
being 4 inch for ten such blows. Not only were the piles specified 
to be driven to a definite set, but also to a definite depth, about 

— 53:00 O.D., so that the shoes would be below the Port of 

London Authority’s final dredged river-bed level. At about — 32-00 

 0.D., some 50 feet below the surface, the piles struck a ledge of 

~ “Blackwall rock,” or “ cemented gravel” as it was called in 

America, and many of them fractured. Ultimately, after breaking 

quite a number, it was decided to pull up in the Blackwall rock, 
provided that a hundred consecutive blows did not give a penetra- 

tion of more than 4 inches, but, if the rope broke or anything 
interrupted the operation, another hundred consecutive blows had 

__ to be given. 

‘Fig. 2 (p. 151) showed the usual form of fracture; the concrete 
crumbled, the pile lurched to one side, and ultimately the rein- 
forcing broke and the upper portion of the pile went on penetrating. 

Some of them came to a set on the Blackwall rock. Fig. 23 (p. 206) 

showed a 74-foot pile which broke, the upper part then continuing on 

_ itsjourney. Fig. 24 (p.207) was a remarkable example of telescoping. 

The pile pulled up on reaching Blackwall rock. It then received 

- furtherhard driving, and was passed as having reached a set of 4inches~ 

jn a hundred blows. It was cut off in 5-foot lengths as the excava- 
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Sir Henry “tion proceeded, until the contractors found to their amazement 
peer that instead of eight 11-inch rods there were sixteen, so they went 
deeper and found what had taken place. It served to illustrate 
the difficulty of knowing what was going on under the ground. 
If excavation had ceased a few feet higher up, the pile would have 

been assumed to be satisfactory. : 
As a practical man who had to drive the piles or to induce other 


people to drive them for him, he found some difficulty in 7 


Fig. 23. 
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{ 
definite conclusions from the Paper which might be applied in a 
practical way in order to reduce the cost of driving piles. The 
result of the projected series of tests on packing materials would 
be of considerable interest, as the consumption of such materials 
was quite an expensive item. For instance, in the case mentioned, 
over ten thousand sacks and 600 cubic feet of pynkado were con- 
sumed in driving two thousand piles. In trying to penetrate oe 
Blackwall rock the pynkado in the helmet often caught fire owing 
to the heat generated by the blows of the monkey. A slow rate of 
driving of about 18 blows per minute was finally adopted. for those 
long piles to help to reduce the wear of the wire bonds and the 


ee 
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4 ' 

; swaying of the tall pile-frames, which were 90 feet in height. That Sir Henry 
4 probably, though unintentionally, allowed the vibrations in the pile Japp. 

: to die down, and the driving was less damaging to the pile than would 
have been the case had the normal rate of blows per minute been 
used. 

5 Fig. 24. 
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Mr. R. Travers Moraan proposed to confine his remarks to the Mr. Morgan. 
_ piles which had been driven and were still to be driven at the London 
‘University site. In that case there was rather the reverse of the 

usual conditions, in that the piles were driven through the ballast 

frst and then into softer material below. The difficulty at first 


*, e° , 


Mr. Morgan. 


Mr. McCarthy. 
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found on that site was that of repeated breaking of the heads, and 


it was found that whether the pile was seven days old with rapid- ' 
hardening cement, or fourteen days, a month, two months or ten — 


weeks old, the heads still had a tendency to break. That difficulty 
had now been completely overcome by providing that the piles 


must be at least three months old, and in his opinion it was better 


to use ordinary Portland cement and to allow the longitudinal 
rods to come right up to the surface of the head. Latterly some 
four hundred piles had been driven at that site; they had all been 
over three months old, and only a slight spalling of one pile only 
had occurred. 

The Authors had emphasized the importance of the packing. At 
the London University site it was found that when a pile-head 
showed signs of failure it was possible to complete the driving if 


new packing were put in, and the Authors, from their experiment — 


on a test-pile at the site, had shown that the reason for that was 
that the peak-stress at the head immediately dropped from 3,000 
down to 1,500 pounds per square inch. It was interesting to note 
that, before the set at the site in question was fixed, three test-piles 
were driven, the set being calculated on Hiley’s formula, and in 
all three cases the test load was within 5 per cent. of the calculated 
amount before extra penetration occurred. 

There were one or two points in the Paper in regard to which he 
would like to ask questions. Firstly, he took it that if k/A was 
small—for example, 10,000—then the packing was soft, and if it 


was, say, 40,000, the packing was hard. Turning to the example 
on p. 202 the assumed value of C, which was taken as 1-02, appeared — 


to be rather high. He thought it should vary in accordance with 
the packing, which was hard in one case and soft in the other, and 
he would like the Authors to say whether he was right or wrong. 
He did not quite understand what the figure of 0-15 was, which 
had to be added to twice the set. In the example, was not k/A 


round the wrong way ? The Authors said, “ The calculation therefore — 
shows that there is a possibility of dangerous foot-stresses with — 
head-cushions of great stiffness,” whereas he thought that the stiffness — 
was great when k/A was 40,000. In conclusion, he would like to 
say that he welcomed very much anything which would give infor- 


mation on what was happening below the ground, and, if the head- 
stress indicator proved to be practical, engineers would find it to 
be of great value to them on the site. 


Mr. M. J. C. McCartuy remarked that any research work which | 


would throw light on the important subject under discussion would — 
be welcomed not only by contractors but also by engineers and 
others concerned. The Concrete Piling Panel of the Institution of 
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Structural Engineers was also investigating pile-driving problems, Mr. McCarthy. 
chiefly by examining observations made on actual contracts. What 
did emerge very plainly from the Paper, in his view, was that the pre- 
cast pile had its limitations, and that there were cases which were 
most unsuitable for its use, for example, when the driving was through 
strata which might cause the toe-stress to exceed the safe limit. He 
believed that engineers would revise their ideas in the construction of 
jetties, wharves and so on and would try to avoid the driving of long 
concrete piles in cases where alternatives such as steel sheet-piling, or 
cylinders with short piles at the bottom, could be used. The piles 
which were driven at Lots Road and at the London University site 
were stiffened up at the head with mild-steel bands. He would 
not advise excessive stiffening-up of the head, because, in the 
absence of the peak-stress indicator, the breakdown of the head 
gave the engineer some indication that the danger-limit was being 
approached. Moreover, when the heads broke the contractor was 
- likely to be much more careful in continuing the driving, when he 
had to stand the expense of re-heading the piles. Although, accord- 
ing to the Authors, slight eccentricity of the hammer-blow was not 
of great importance, it was to be hoped that contractors would not 
take advantage of that statement, since any eccentricity was likely 
to deviate the pile from the vertical, which was detrimental, and 
once the pile had deviated it was sometimes difficult to adjust 
the frame quickly. The amount of experimental error in the tests 
_ described seemed to be great, although not excessive, considering 
the difficulties involved. Where pre-cast piles had still to be used, 
the use of a water-jet would sometimes reduce the stresses set up in 
attempting to penetrate a compact stratum such as sand, gravel 
or ballast. He would suggest that further investigations into the 
_ different packings would be useful. He had never before heard of 
asbestos packing being used, and he hoped it would be tested in 
practice. The factor %/A seemed to be slightly confusing. Mr. 
_ Hiley, who was unfortunately unable to be present, had suggested that 


_k could be expressed more clearly as a where F denoted the force 


on the packing and ¢ the corresponding compression. 

On the University contract a single-acting hammer was employed, 
in which the cylinder delivered the blow. Steam was admitted by a 
valve at the top through the hollow piston-rod and lifted the 
cylinder ; when the steam was released by exhaust to atmosphere 
the cylinder fell, but while the cylinder was being raised the weight 
was carried through the tail-rod on to the pile, thus damping down 
_ any vibration of the pile. In the case of the hammer used at the 
University site, there was a silencer on top of the valve which 
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Mr. McCarthy. 


Mr. Grove. 


heavy loads which the majority of the piles were called on to carry, 
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probably accounted for any back-pressure experienced. The double- 
acting type of haminer was largely used in America, and was really 4 
a development of the Nasmyth hammer, which was first used for — 
pile driving in 1845. It was a vertical double-acting steam-hammer 2 
totally enclosed, the reaction of the blow being taken by the casing ; 
resting on the pile-head. Such hammers were made up to six — 
tons in weight with an energy of 10 foot-tons per blow and deliver- 
ing 120 blows per minute. He thought that the investigations | 
described in the Paper might usefully be extended further to cover — 
the double-acting hammer. } 
Mr. G. C. Grove remarked that he had recently been engaged in — 
the manufacture and driving of several thousand reinforced-concrete 
piles at His Majesty’s naval base at Singapore. Those piles were — 
of four sizes, 12, 14 and 16 inches square, reinforced on the Henne- 
bique system, and 18-inch octagonal piles reinforced spirally. The — 
piles, which ranged from 15 to 100 feet in length, were made of 
1:2:4 Portland cement concrete of normal setting quality. Practi- — 
cally all the piles were driven into stiff strata consisting of decomposed 
granite or grey clay with a high proportion of grit, and no particular 
difficulties were encountered in driving. Owing to the somewhat 
: 
4 
4 
; 
! 
| 


a good deal of hard driving to small sets was necessary, yet about 
65 per cent. of the piles showed no signs of damage to the heads. 
The heads of the remaining 35 per cent. were damaged, some slightly 
and some seriously. The injuries to at least 25 per cent. were due 
to the pile being driven out of plumb, to bad packing in the helmet, 
or to slackness of the guide-block on the back of the monkey, causing 
the monkey to wobble and not to deliver its blow normally to the 
vertical axis of the pile. The remaining 10 per cent. were damaged 
by excessive head-stress caused by the use of packing with too high 
a stiffness-constant. 
Owing to the irregularity of the level of the stiff stratum, it was 
often difficult accurately to forecast the lengths of pile required, 
so that some of the piles had to be lengthened in situ and re-driven. 
The lengthening was carried out by splicing on a length of rein- 
forcing skeleton and casting the concrete round it. Normal-setting 
Portland cement was generally used, and the piles were allowed to 
stand for 6 weeks before re-driving was commenced. It was then 
frequently found that during the period of rest the frictional resist- 
ance had so increased that the piles had set up and could not be 
driven by ordinary driving. In such cases, the Authors’ peak- 
stress indicator would have been of considerable value, as it would — 
have indicated when the safe working stress was being exceeded. — 
It would be interesting to hear the Authors’ suggestions regarding 


a 


REINFORCED-CONCRETE PILES DURING DRIVING. 211 


} lateral reinforcement of the extension when piles were lengthened Mr. Grove. 
in that way, and what, if any, special precautions should be adopted 
in driving. It was noticed that the heads of the lengthened piles 
did not stand up to the driving nearly as well as the original pile- 
heads, but whether that was due to the vertical casting he did not 
_ know. 
In one case it was decided to try to extract a 50-foot pile which 

_ had been driven in firm clay to a set of } inch per blow, but the 
_ attempt had to be abandoned after two 100-ton jacks had failed 

to produce any appreciable upward movement. Had the Authors 
_ been able to extract for examination any pile driven under con- 
_ ditions producing excessive internal stresses, and, if so, what were 

their observations ? 

In some cases during the maturing process piles were found to 
have developed fine hair-cracks, which became apparent after the 
period was completed. In tropical countries it was an advantage for 
all piles to be kept thoroughly wet from the time of casting to the time 

of driving. A number of piles in which those cracks existed ‘were 
_ driven without apparent trouble, and in one case a pit was excavated 
_ alongside, the pile was examined, and it was seen that no extension 
_ of the cracks had occurred. It was always difficult to form a definite 
opinion as to the depth to which those cracks extended, and it 
_ would be of interest to know whether there was any means of deter- 
_ mining it, even by destruction of the pile.’ He would like to know 
whether it would be reasonable to assume that, provided no damage 
to the head had occurred, the piles referred to had been driven 
_ satisfactorily without damage underground. 
_ The sets to which the piles were driven were calculated from Mr. 
- Hiley’s formula, in which the factor C allowed for temporary com- 
" pression in the pile; that factor was given in two columns in the 
- Table, one for medium driving and one-for hard driving ; the former 
_ allowed for stresses up to 1,000 pounds per square inch, and the latter 
_ for stresses up to 2,000 pounds per square inch. In the absence of 
any instrument such as the stress-indicator which had been shown 
_ that evening, the actual stresses were not known ; the instruments 
4 and methods described by the Authors would have been very helpful 
_ had they been available while driving those piles. 
_ Mr. D. 4H. Srenr stated that he would like to ask the Authors one Mr. Stent. 
_ question which might perhaps be premature, as their research might 
not have reached a stage to enable them fully to reply. He had been 
sociated with several piling jobs where piles had developed trans- 
verse cracks during driving. In all those cases there had been a 
hard stratum of ballast near the surface, so that there was a long — 
length of the pile laterally unsupported above ground which had 


ae 


Mr. Stent. 


Mr. Manning. 


lown feeling about the cases of transverse cracking which he had 
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to take practically the full stress of driving through that hard stratum. 
In four or five specific cases the same conditions had produced the — 
same results, namely, transverse cracks, sometimes spaced about — 
every 2 feet down the pile in extreme cases. A curious feature was — 
that, where such piles had been driven on, at least one case had ; 
occurred on each of those four or five jobs where the main bars had ~ 
moved vertically upwards in the pile. In one case a bar kicked © 
off one comner.of the pile, and rose about 4 inches above the top of © 
the pile into the packing until it was stopped by the top of the steel 
helmet. In another case the four bars rose and kicked off the head 
of the pile. In Table IV the Authors gave figures denoting the 
stage at which the first signs of failure were observed, and he would 
like to ask them what they considered to be the first signs. He © 
wondered whether they referred to the transverse cracks of which — 
he had been speaking, and, if so, whether they experienced any 
cases of the bars being loose when driving was continued. His 


met with was that they were not due simply to inadequate com- 
pressive resistance or impact resistance of the concrete, but rather ) 
: 


‘to vibration being set up by the blow in the long unsupported 


length of the pile. That vibration produced negative and positive 
stresses which broke down the adhesion to the steel, as was shown 
by the rising of the bars ; then, when the adhesion was lost, the 
tensile value of the steel was lost and the concrete cracked. He 
would like to hear the Authors’ views on that point. Dr. Glanville 

had been good enough to examine one such case which had occurred — 
some time ago, and he did not think that Dr. Glanville had then 


_ been able to reach any conclusions, but it would be of interest to | 


know whether he had subsequently found any solution. The 
Authors stated that there was practically no tension in a pile during | 
driving, but he did not see how transverse cracks could be produced. 
if that was the case; such cracks seemed to him to indicate the 
existence of tension and loss of adhesion on the bars. He hoped 
that the Authors would explain that point. ' a 

Mr. G. P. Mannine suggested that in giving such intensive study 
to the stresses in reinforced-concrete piles there was a possibility 
of overlooking the large extent to which the personal factor always 
entered into their making and driving. The Authors stated that, 
in addition to some kind of pile-driving formula or theory of pile- 
driving, there had to be a specification to support it. That was 
quite correct, but it was not the whole story ; it was also necessary 
to have continuous expert supervision on the site. For example, 
fractures below ground might make very little difference to the 
recorded set, but the way in which the pile took the set would 


: i 
— 


, REINFORCED-CONCRETE PILES DURING DRIVING. 213 


usually tell an experienced engineer whether anything had gone Mr. Manning. 
_ wrong. He agreed that pile-driving formulas usually held good 
: only over quite a limited range. The Dutch rule, with a factor 
_ of 6, was probably the most generally used. It was correct, in his 

experience, for sets of the order of about 1 inch for ten blows, but 
it was certainly not correct for sets of } inch or less for ten blows, 
and he did not think it was right for sets of about 1 inch per blow. 
For sets of the order of 1 inch for ten blows, with an ordinary size 
of pile, weight of monkey, and drop, the pile would generally take 
a test load of twice the designed safe load. The specification, of 
_ course, had to include some specification of the packing on the 

head. The following was a typical example he had met with in 
_ driving a small 10-inch square pile :— 


With 4 inches of mats as packing, the set for ten blows was 
1 inch, and the safe load by any formula 2X. 

With 2 inches of mats as packing, the set for ten blows was 
1 inch, and the safe load by the same formula X. 

With no packing, the set for ten blows was 2 inches, and the 
safe load by the same formula 3X. 


That showed that formulas based on the set were quite useless 
_ without some specification of the packing. 

_ Throughout the Paper he noticed that the term “dolly” was 
used for the head-packing, but surely that was a most unusual 
use of the term. The term “dolly” was generally applied to a 
_ baulk of timber used on top of the pile or helmet as a follower when 
_ the pile-head went below the ground. Speaking generally, a short 
dolly, say 10 feet in length, firmly held at the top and bottom, 
4 with good ends and pretty sound timber, absorbed about 50 per 
cent. of the effective blow; for example, if a pile were driving 
9 inches for ten blows before the dolly was put on, the set would 
_ drop to about 1 inch for ten blows with the dolly in place. With a 
; long dolly about 75 per cent. of the blow was usually lost; a set 
oO 9 inches for ten blows would be reduced to about } inch for ten 
_ blows. = 

4 He agreed that the bigger the hammer the better the driving. 
_ The recorded stresses in the piles were more or less what would be 
expected. 

_ With regard to the tensile stresses in the pile due to elastic waves, 
he himself had never in practice seen any indication that there were 
high tensile stresses in a pile during driving. For example, piles 
above low water-level in a jetty would be expected to deteriorate 
isibly if they had been subjected to high tensile stresses, but they ~— 
not appear to do so. 


Mr. Manning, 


Mr. 
Williamson, 


~The reference in the Paper to the making of piles was again lacking 
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in any mention of the personal factor. The Authors laid down five 
conditions which should be satisfied, but it was quite possible to 
comply with them all and yet make an unsatisfactory pile. The 
main point in making a pile was the workmanship, particularly at 
the head ; the other factors were less important. His own experience 
was that normal-hardening cement was better than rapid-hardening 
cement for the making of piles. That statement agreed with what 
was said in the Paper, although it might seem to contradict it. He 
had found that the more rapid-hardening the cement was, the more 
careful the workmanship had to be; if, therefore, two cements 
showed the same mechanical properties under laboratory conditions, 
one being normal-hardening and one rapid-hardening, the normal. 
hardening would give better results with average conditions of 
workmanship on the site. He thought that that was the explanation — 
of the difference. , 

He would like to know whether the Authors had carried out any 
experiments on steel piles, which of course could be driven and 
withdrawn repeatedly, and would also like to ask whether they | 
could give any relation between the vertical resistance to driving 
and the horizontal resistance to displacement. 

Mr. James WILLIAMSON remarked that, at the very beginning 
of the Paper, the Authors said, “ From the very limited knowledge 
available it was clearly impossible to estimate for any known set 
of conditions whether troubles would occur or not.” As an engineer 
who had to deal fairly frequently with foundations, his own opinion 
was that if the conditions were known the problem was practically 
solved, and he thought that it was the same with piling, Diffi- 
culties arose in dealing with unknown sets of conditions, which 


could not be foreseen in the case of underground work. 


The methods devised for ascertaining the actual stresses in the 
piles were most ingenious. In general, he thought that the results 
obtained showed that. over a wide range the ordinary theory of 
impact applied to the transmission of momentum from the hammer 
to the dolly and from the dolly to the pile was applicable with — 
almost complete exactness, and, according to the theory, that | 
momentum could be communicated in spite of very wide variations - 
in the packing at the head. When he had been studying the pro- 
blem some time ago, he had been puzzled about that point, and had 
solved it to his own satisfaction by a simple experiment with : : 
household spring-balance. He put a brick on the balance which 
sent the pointer round to 7 pounds or so, and then dropped a weight 
on to the brick. The pointer was driven farther round with a goo 
deal of vibration, and then moved back. He then put some thick 


a 
i 
6 


, REINFORCED-CONCRETE PILES DURING DRIVING. 215 


4 packing on the brick and repeated the test, and found that he got Mr. 
_ quite as much deflection of the pointer and a great deal less vibra- “emer 
: tion. The point where the ordinary impact assumptions began to 
_ differ was in regard to the time of the impact and the total distance 
through which it acted. The hammer, with 0-01 second for the 
impact, would in normal cases of driving be brought up in a distance 
_ of the order of 0:6 inch. If the total movement of the pile was as 
_ much as that, he thought that so far as movement into the ground 
was concerned, results as reliable as those given in the Paper could 
be simply calculated on the assumption that the momentum of 
_ the hammer was transmitted to the pile, and that the momentum 
of the pile was then expended by motion in the ground. When, 
_ however, the resistance at the point was such that the motion was 
_ only a fraction of the movement which stopped the hammer, it 
~ seemed obvious that the time in which the point was stopped would 
be less than the time of the impact of the hammer on the head 
_ of the pile, and that therefore the momentum of the pile would not 
: be merely absorbed by friction. The Authors had indicated how 
_ the wave of compression travelling down the pile might be increased. 
in value when it reached the point, and he thought that that occurred 
in those cases where the time of stopping the point was shorter 
- than the time of the impact on the head. That idea might possibly 
_ be pursued further. 
Considering the stresses shown in Figs. 13 (b) in relation to the 
penetration of the pile at the time, and taking the case with penetra- 
tion 17 feet and a 36-inch drop, it would be found that there was 
almost an even stress in the pile down to the point at which it 
y entered the ground, and from there to the foot there was a gradual 
reduction of the stress, just as would be expected if the momentum 
= “were gradually absorbed by the friction in the ground of each foot 
of the pile; he thought that that would correspond to a fairly 
; complete transference of momentum from the pile to the ground. 


The same effect was to be seen in Wig. 14 (a), where down to 17 
feet from the toe the stress was constant, and thereafter there was 
va gradual decrease owing to the friction of the ground and the 
_ resistance at the toe. 

Some of the graphs in Figs. 14 resembled what engineers some- 

- times did in foundations; they found that there was rock at certain 

points, and they drew straight lines between those points and 

assumed the lines to represent the surface of the rock. In the 

graphs under consideration the kinks were really determined by 

the positions in which the instruments happened to be. He would 
like to ask whether the Authors were quite confident that in the 
upper of the two curves in Fig. 14 (d) the highest point, showing 
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the stress at the middle of the pile, was likely to be correct, having 
regard to the conditions of gradual reduction of stress shown on 
the lower curve. The diagrams generally showed reduction of stress 


in the portions of piles driven through clay or silt.’ In Fig. 14 (c), — 


with a penetration of 25 feet, the upper part of the penetration was 
through silt and mud. The resistance of that material might tend to 
reduce the stress for a certain distance below ground-level, whereas 
the diagram showed increasing stress, owing to the joining up of two 
points by a straight line. 

Mr, ALEXANDER MELVILLE remarked that the Authors’ research 


had dealt effectively with two points which had long been sources of 


worry in practice—firstly, the tendency of engineers to insist on piles 
being driven to a depth regardless of what they had to be driven 
through, and, secondly, the necessity of specifying that piles should 
not be driven beyond a reasonable set. It would be good for all 
concerned if in-due course, at the conclusion of the Authors’ research, 
a simple expression of the results and the lessons derived therefrom 
;could be made, as it would become the standard guide of good 
| practice. Whilst the research had been on reinforced-concrete piles, 
| the lessons to be learnt were really applicable to all piles—everyone 


had seen timber piles hammered for days on end till their lower ends 
| were like shaving brushes, or steel sheet-piles driven till the ends were 


bent round and rose out through the bottom of the trench. The 
Paper gave the results of experience which should be an effective 
counter to the unduly-determined engineer who insisted on his piles 
being driven further at any price. 

Mr. G. F. Watron observed that the Authors stated that little 
advantage was gained by increasing the longitudinal reinforcement 
beyond that required for safety in handling, and it appeared that 
no advantage was gained by the use of a concrete stronger than 
1:2:4, but the Authors did not say what age of maturing they 
advocated. They spoke of normal cement at 28 days as being equal 


Mr. Walton had found that 5-ton 45-foot piles made with 1:13: 4 
rapid-hardening cement should not be driven into deltaic soil until 
2 months after casting if damage in handling and driving were to be 


}» rapid-hardening cement at 7 days. In practice in India 


avoided. He had driven them in 1 month, but did not like to do so, 


as much greater care had to be taken, and even then the results were 


not satisfactory. Under Indian conditions he preferred to drive 
piles when they were 3 months old, which was equivalent to a longer 


{ 
period in England. Engineers were so accustomed to speak of 
concrete strengths at 28 days that they often overlooked the 


+" The succeeding contributions were submitted in writing, owing to lack ; 


st : 


of time at the meeting. —Suo. Inst. C.E. 
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_ advantage of an older concrete. He had found rapid-hardening Mr. Walton. 
_ cement of advantage in handling during manufacture and for the 
_ purpose of stripping off the moulds, but of little advantage in driving. 
In another case of pile-driving he was of the opinion that he could 
not possibly have driven 17-foot 14-inch piles through gravel into 
18 inches or 2 feet of soft rock had he not taken the precaution of 
- maturing them for at least 6 months. The concrete was 1: 1: 33. 
The resistance to driving was great, and each pile had to be driven 
for many feet with a set of about 4 inch or less per ten blows, from a 
_ 21-ton hammer falling 4 feet. Eventually that drop had to be 
increased to as much as 8 feet to get sufficient penetration into the 
soft rock. Before those severe conditions were accepted as possible 
_ for pile-driving, a test pile was driven and extracted by excavation. 

He would like to know the Authors’ view regarding the desirable 

time for maturing piles of 1 : 12: 33 to 1: 1}: 3 concrete, as he felt it 

was more important than was generally realized, and he would like 
to see the results of comparative tests on full-sized piles under 
difficult conditions of driving. 

Mr. B. B. Hasxew asked whether rubber had been tried as a Mr, Haskew. 
packing material at the head of the pile ; if so, what results had been, 
obtained 2? Some of the speakers had remarked that normal Port- | 

land cement was more satisfactory than rapid-hardening cement, and 
he had also found that to be the case. Due to his experience at the 
London University site, Mr. Travers Morgan was of the opinion that 
it would be an advantage if the vertical reinforcing rods came right 
up to the top of the pile-head. Mr. Haskew’s own experience led 
4 him to endorse that view, and he would suggest that the use of a 
special steel driving-cap fixed to the head of the pile—quite apart 
_ from the helmet—would be advantageous. Another speaker had 
found horizontal cracks in several piles, and the vertical reinforcing 
pars had protruded 4 to 5 inches above the head of the pile, which 
seemed to show that the bond between the concrete and steel had 
" been lost and the concrete forced down. Mr. Haskew had not 
experienced the series of horizontal cracks mentioned, but he had 
_ seen the vertical reinforcing rods protruding 1 to 2 inches above the 
head of a pile during hard driving. He found, however, that that 
was caused by the concrete at the head being pulverized by the hard 
1 driving. The packing material got packed hard and was driven 
down past the tops of the vertical reinforcing rods ; in some instances 
that continued until the vertical rods came in contact with the helmet. 
‘and were burred over by recurring blows. 

‘Mr. A. E. Cutty remarked that there appeared to be some un- Mr. Culley. 
certainties regarding the factor k/A which denoted the stiffness of 
‘the head-cushion. In view of the further investigation con- 


. Mr. Culley. 


_ whether a dolly was either necessary or desirable. A hammer 


Mr. Duckham, 
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templated it would seem desirable to control that factor, which was 
in reality a troublesome variable, by a more reliable method than that 
of endeavouring to discover a suitable packing. The Authors had 
stated :—‘‘ Asbestos fibre exhibited not only a reasonably low 
stiffness-constant at the beginning but maintained this condition 
almost unchanged. The suitability of this material for use under 
practical conditions has not yet been confirmed.” Would it not be — 
possible to simulate packing by adopting a combined hammer and 
cushion operating against hydraulic pressure within the hammer? 
Such an arrangement should afford a real constant throughout the 
driving of a pile. Further, with different sizes of orifice for the 
discharge of the hydraulic medium, or by a valve suitably calibrated 
to vary the outlet flow, any desired value of k/A could be obtained at 
will. Mr. Roland Bennett ! had stated that it was possible to design 
a reinforced-concrete pile-head in such a way that it would withstand 
the direct blow of any suitable hammer, and that it was questionable 


hydraulically cushioned as suggested would, therefore, seem to be 
suitable for practical working. The further investigation of 
conditions would be rendered less difficult, and the various graphs 
produced could be simplified. For instance, the successive approxi- 
mation of the maximum head-pressure referred to by the Authors 
in Appendix II could then be made with greater ease and accuracy. 


basic results in simple form was desirable for everyday application, 
and that there was still scope for a variety of sections and hammers. — 


From experience during 23 years of making and driving some 


_ thousands of concrete piles with varied designs and conditions he was 


Mr. F. W. Duoxuam observed that a statement of the Authors’ | 


left with a sense of frequent contrast and contradiction. Designs 
had ranged from the strong spiral with over 20 pounds of steel per 
cubic foot to the weaker link type with only 11 pounds, and yet 
conditions had been the most difficult boulder-clay for the latter and — 
free mud or ballast for the former. In some cases depth only and 
no set was specified, and such piles had been found to pull down a 
| building instead of to support it, owing to settlement of new filling. 
In other cases, on the contrary, adequate set had been surpassed and 
/the piles hammered to destruction. There had indeed been a 
decided need for a rational review of the whole subject, to ensure 
economical adaptation of means to the best end. i 
Beyond the simple relation between pile-strength and ground- 
resistance in homogeneous strata, there still remained that most 


i: 
1 «Pile-Driving and the Supporting Capacity of Piles,” Inst. C.E. Se! ected ; 
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awkward of all conditions—isolated obstruction such as in boulder Mr. Duckham. 
clay—where the pile-shoe was forced laterally and the pile fractured. 
Here it would seem that piling should not be considered as a suitable 
“method until some means was found of giving the point a fair 
vertical lead by boring a preliminary, or pilot, hole, following the 
simple example in carpentry of using a gimlet or bradawl to intro- 
duce a screw or nail. Unfortunately the current cost per foot of 
_ percussive boring was about three times as much as the cost of the 
_ pile. It seemed, therefore, that the invention of a rotary drill that 
could quickly and steadily bore down to a depth of about 50 feet at a 
cost of the order of 1s. per linear foot would be most valuable. 
Mr. Haronp Herrop observed that several interesting cases of Mr. Herrod. 
_ damage suffered by pre-cast reinforced-concrete piles during driving 
had been mentioned. He had had very similar experiences, par- 
_ ticularly when using extremely slender piles. On one contract piles 
__ up to 75 feet in length and 14 inches square cross section (which, he 
. believed, had a greater slenderness-ratio than any other piles driven 
_ in Great Britain) were driven for the foundations of tall transmission- 
line pylons. Continuous trouble was encountered, the pile-heads 
_ repeatedly fracturing. Driving was done by a 4-ton drop-hammer, 
elm packing up to about 4 inches in thickness being employed between 
the helmet and the pile-head. The heads of the piles appeared to be 
4 the most seriously affected parts, but in one or two cases the pile- 
shaft was damaged 10 or 12 feet below the head. After ex- 
4 periencing those troubles in the early stages of the work, and with a 
_ view to lessening them, the upper 3 feet of each pile was constructed 
with aluminous cement, but little apparent benefit resulted. Test- 
cubes made from the concrete showed reasonable results. The 
_ ground through which the piles were sunk consisted of clay at the 
:. top, then fairly soft warp, then fine sand (water-charged) overlying 
_ red clay at a considerable depth. The trouble was finally lessened 
__ by aiding the descent of the pile by water-jetting, and by giving the 
_ piles a much longer maturing period, equivalent to that used with 
ordinary Portland cement, although rapid-hardening cement was 
used throughout. His opinion at the time was that the damage to 
the concrete was caused not so much by longitudinal waves of 
‘vibration from head to toe, but by transverse vibrations, due to the 
fact that the lower portion of the pile was more firmly embedded in 
a tougher stratum than was the upper portion. Hach pile was held 
‘pack to the leaders by a number of gauge-bolts along the upper 
‘portion in the usual way, and it was thought that, owing to the 
slenderness of the piles, each hammer-blow tended to cause a minute _ 
instantaneous whip. As the hammer was lifted after each blow, the 
ead would whip across and be struck by the next blow with a slight 


<1 


ad 


x 


Mr. Herrod. 


Malcomson. 


220 DISCUSSION ON THE BEHAVIOUR OF ~ + 


eccentricity, which would tend to damp out the first vibration and 
introduce a further one, the vibrations continuing until disintegra- 
tion set in. One instance occurred of severe damage to the pile- | 
shaft below ground. At a depth of 10 or 12 feet below the surface it 
was found, on excavation for the pile cap, that the upper portion of 
the pile had moved bodily cross the lower portion; being driven down 
alongside it, the main reinforcement-bars taking the form of a well- 
developed “S” curve. The driving chart showed no indication of 
the breakage. . 

It was shown in the Paper that under certain conditions the stress 
at a point at or near the foot of the pile could reach an intensity — 
approximating to twice that at the head. It was known in many ~ 
cases that the concrete at the head fractured and spalled under 
driving, which would arouse strong apprehension as to the condition 
of the pile below ground, where it was not visible. The considerations 
of stress-intensity in the Paper were based on equal cross-sectional - 
areas of concrete at the various points along the pile, but it shouldbe _ 
remembered that practically every pre-cast pile was considerably ~ 
lessened in cross-sectional area immediately above the cast-iron or 
steel shoe, where the concrete itself was reduced in area to probably 
one-quarter or one-fifth of that obtaining along the normal shaft. 
It would therefore appear that in many instances, where it was 
thought that a satisfactory set had been reached and that the pile was 
sound, the concrete above the shoe would probably be completely 
disintegrated, and the pile mushroomed over the shoe. The occur- — 
rence of such damage would depend upon the relative natures of the — 
successive strata penetrated, but it could not be a rare happening. ft 
It had to be inferred that the fact of being able to ensure a sound, 
well-constructed pile of pre-cast reinforced concrete which could be — 
inspected visually before driving was not of all-embracing value, as 
at that stage the pile had been subjected to none of the factors which _ 
were likely to cause damage—slinging, erecting and driving. The 
state of the pile below ground after those operations was bound to be — 
uncertain. s 

Mr. J. C. Matcomson stated that one of the piles at Lots Road 
Power Station had fractured rather badly at the head after having - 
penetrated 30 feet below ground through 16 feet of mud and silt, — 
2 feet of sand and 12 feet of ballast. (The recorded driving when — 
fracture occurred was 570 blows to the foot.) As it was imperative to 
reach the requisite toe level the pile was withdrawn, after some con- _ 
siderable difficulty, by means of a 150-ton hydraulic jack. It was — 


found to have suffered no damage below ground, and the toe — 


perfect ; large lumps of sand and ballast, considerably compressed, : 
adhered to the toe and to the sides of the pile for some distance above _ 
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the toe. In view of the great stresses demonstrated by the Authors, Mr. 
_ he would like to know whether the concrete in the toe of the pile “m= 
_ received any assistance laterally from the highly-compressed strata ; 
if so, would not that assistance automatically increase as the toe- 
stresses increased, thus preserving the pile from damage in driving 
through thick layers of ballast or similar materials? That might not 
be the case in driving to rock, but the conditions would then be known 
_ beforehand and could be allowed for by means of the steel bands 
mentioned in the Paper. 
Mr. G. H. Honveson noted that the Paper dealt principally with Mr. Hodgson. 
piles having gravel aggregate, and that crushed-stone aggregates 
were to be fully investigated 'in the near future. The selection of the 
aggregate was one of the most important problems ; only too often 
_ the local aggregate was used simply for the sake of cheapness, with 
disastrous results. The stone used should have a high crushing 
strength combined with great toughness, and should have a rough 
fracture. Gravel, on the other hand, was brittle and had a smooth 
- surface, the result being that the gravel simply pulled out under 
impact owing to its shape and lack of bond. 
For reinforced-concrete piles to stand up to heavy driving, the 
_ following points should be observed :— 


1. Ordinary Portland cement should be used, and adequate time 
allowed for curing. 

9. A crushed-stone aggregate, as described above, should be 

chosen. 

3. Every attention should be paid to the fixing of the steel and 
to the placing and curing of the concrete, especially in 
the early days. 

_ Links not less than 33; inch in diameter should be used. 

. Longitudinal steel should be sawn exactly to length. 

_ The shuttering forming the head of the pile should be fixed _ 
at right angles to the length of the pile, and should be 
smooth and free from “ wind.” The chamfer should 
come to the outside edge of the main longitudinal steel. 
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‘Mr. BR. N. Srrover observed that the Paper bore out by experi- Mr. Stroyer. 
‘ment and theory what had been found to be good practice through 

years of experience of pile-driving. From the discussion, however, 

it seemed to him either that the speakers had been singularly unfor- 

-tunate in their pile-driving experience, or that he himself must have 

been particularly fortunate during his 25 years of such work. The 
‘difficulties and troubles related during the discussion reminded him — 

of the early days of concrete piling, when piles were cast vertically” 

and nursed down with soft packing and infinite care. One of tbe 
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speakers, mentioning a large contract, had stated that as many as 
35 per cent. of the pile-heads on the contract broke during driving, 
and did not seem to think that was a bad proportion ; yet great care 
seemed to have been taken in all cases with the packing of the head, 
mention being made of as much as twenty-four layers of felt. 
Mr. Stroyer had never heard of such a quantity of packing being used ; 
and never employed more than two or three layers of wood, sacking 
or matting in his own work. Twenty-five years ago, when spending 
three years in Germany, he often saw piles driven without a helmet 
and with only a few layers of sacking between monkey and pile. _ 
In the very few cases where he had encountered broken pile-heads 
on contracts, the trouble could always be ascribed definitely to 
insufficient cement in the head, badly-adjusted packing, or use of the 
wrong kind of cement (assuming correct design of the head-reinforce- 
ment). In nearly all those cases the driving had been very hard, the 
usual load on a 14-inch pile being over 70 tons and, where soil con- — 
ditions permitted, over 100 tons, the set being calculated on the 
Dutch formula with the usual safety factor, and in many cases with 
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Nor should failure in the body occur through driving. Inthe cases 
where such failure had come to his notice there had always been other — 
reasons for it, such as obstructions twisting the pile out of line, or — 
similar causes. To continue hammering a long pile when the toe 
was in something closely akin to rock would appear to be asking for — 
trouble. It was, of course, sometimes necessary to drive a pile © 
through a thin sand or ballast layer overlying softer soil, but with 
suitable reinforcement and handling no trouble should be experienced. — 
In a recent contract for a pier in the Thames the ballast layer — 
(requiring very hard driving) was met at once and had to be pene- 
trated to obtain a gradually hardening set in the clay below, the — 
conditions being somewhat similar to those of the London University — 
pile illustrated in Fig. 8 of the Paper. The 15-inch piles, vertical and — 
raking, were between 60 and 70 feet long and were driven with a 
3-ton hammer, without any difficulty with either heads or bodies. 

Referring to the Lots Road pile shown in Fig. 8, he would be glad if — 
the Authors could give any information as to why the driving was _ 
continued through a 20-foot layer of ballast and sand into clay of — 
the required bearing capacity. The Figure showed the resistance in 4 
the clay to be practically constant, and presumably sufficient. If 
the ballast overlay a good bearing stratum it would appear to have _ 
been sufficient to drive to the required set in the ballast. Ina 
contract in Westminster similar conditions had obtained, and h 
drove his 20- to 25-foot piles into the sand, finishing with a hard set 
At an adjoining site piles were driven through the sand and into th 
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clay, in a somewhat similar fashion to that illustrated in Fig. 8, IfMr, Stroyer. 
_ the piles carried the load without settlement (and he had yet to hear 
of any such during his long pile-driving experience) it would be 
- interesting to know where the advantage, if any, lay in continued 

driving in such a case. 

Mr. Mavurton Nacusuen asked the Authors if they would explain Mr. Nachshen. 
more clearly what was meant by “elastic set,” for which they 
_ recommended an average value of 0-15 inch for hard driving con- 

ditions. Was that the same as the “ quake ” of the ground referred 
to in Mr. Hiley’s Tables? On p. 200 they said“. . . the elastic and 
permanent sets may be measured at a position some distance away 
from the foot.” Did that refer to the use of the set-recording 
apparatus shown in Fig. 5% If so, how could the elastic set at the 
_ foot be separated from the total temporary compression recorded. by 
that apparatus, as the record included the temporary compression . 
__ in the length of the pile as well as the elastic movement of the foot ? 
_ The value of the Paper would be greatly increased by the inclusion 
__ of a few more graphs such as Fig. 21, so that foot-stresses might be 
estimated for a variety of conditions. Some explanation of the 
“equivalent Young’s modulus ” would also be welcomed. It would 
add to the usefulness of Fig. 28 if a line were added for k/A = 40,000, 
as that value was recommended for use in limiting conditions. it 
would be interesting to have k/A values for sawdust-in-sack packing, 
as it was so commonly used in pile-driving. He hoped that the 
Building Research Station would ‘continue their investigations, 
particularly on full-sized piles driven under contract conditions. 

Mr. Jonn AnpmRson observed that the Authors’ investigations Mr, Anderson. 
emphasized the effects of conditions of driving on the head- and toe- 
stresses of piles. The more extreme conditions were not generally 
experienced in driving, but where very small sets or minimum 
_ penetrations in hard strata were specified special consideration was 
i necessary in the design of the pile to be used. It was apparent from 
_ the Paper that special attention should be given to the design of the 
4 head, owing to the lack of sympathetic action between the concrete 
and the steel for the upper three to four feet (unless the steel were 

brought to the upper surface, and a plate interposed between the head 
_ of the pile and the packing). The extra equivalent strength required 
was usually secured by means of circular hooping of the concrete 
core, without which the head of a pile with main longitudinal 
_ yeinforcement was likely to spall under hard driving. 
With regard to the toe design, it appeared that similar behaviour 

might be anticipated. Usually, however, the design of the tapered _ 

_ point was such that the sectional area of the concrete was considerably 
~ Jess than the main section of the pile, and it was highly probable, when 
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_ the calculations were based on a factor of safety of unity, which, it 
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hard point driving was experienced, that the final set would actually 
be obtained with the toe bushed out and not by further penetration 
of the point. He would suggest, therefore, that that should be made 
improbable by providing a shoe of such a form that the conerete 
area was never less than the main section of the pile, and also that 
hooping should be provided for a length above the shoe necessary for 
development of the bond-strength of the longitudinal reinforcement, 
as in the case of the head. 4 
A further valuable subject of research by the methods covered in 
the Paper would be the investigation of the behaviour of various” 
types of splices used for lengthening piles with the object of sub- 
sequent extra driving. In his own experience, an apparently 
soundly-constructed splice had been found to have given way under 
hard driving so that the upper part of the pile deflected sufficiently — 
laterally to continue easy penetration alongside the lower portion. 
Fortunately it had been possible to investigate by excavation round 
the pile, and to make good the defect. There might be considerable 
doubt as to what might be happening to similar lengthening-splices 
(for example, where a number of piles had been made too short as a 
result of misleading preliminary tests), in cases where the final sets 
were reached with the splices under water, even though the driving — 
might give no actual evidence of a breakdown. 
Mr. Gowsr B. R. Pium observed that the Paper related to the 
behaviour of piles during driving to the sets which engineers had been 
in the habit of specifying in the belief that such sets indicated the 
bearing value of the piles. The worked example given, in 
Appendix II, to show how the impact test emerged from the inquiry, 
was therefore appropriate. On p. 181 the Authors pointed out that 


was observed, was not to be regarded as satisfactory. In the © 
example given it was shown that, under the moderate conditions - 
assumed, even that inadequate factor of safety was only barely 
realized, and with slightly more severe conditions would not be 
realized at the toe. The toe-stress given by the calculations was, 
however, the stress on the full area of the pile, and since piles almost 
invariably tapered to an area immediately above the shoe of about. 
one-third to one-quarter of the full area, the stress given by the 
calculations had to be increased by from three to four times to give 
the stress on the diminished area, and, since such a stress would be 
far beyond the ultimate strength of the concrete, the concrete would 
inevitably fail. As driving to a very usual set resulted in such 
destructive stresses, even under the controlled conditions of the 
investigation, it seemed impracticable to devise methods of control 
for use in the field which would ensure a further substantial limita- 
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i 
tion of the stress. The result of the investigation, therefore, Mr. Pimm. 
F constituted an indictment of the practice of driving pre-cast piles to 
_ the sets derived from impact-formulas. 
’ Mr. Crcit Pret observed that there seemed to be at least three Mr. Peel. 
. distinct types of failure of reinforced-concrete piles during driving, 
and there appeared to be different causes of failure in each case. 
_ Firstly, there was the comparatively rare but not unknown type of 
failure caused by lateral buckling. It was generally due to a badly- 
- fitting helmet or packing, a crooked pile, or bad pitching; it 
' might occur with raking piles, and would usually occur early in 
driving. Secondly, there was the commonest type of failure, namely, 
spalling of the concrete at the extreme top of the pile. Thirdly, 
' there was the type of failure which was due to excessive driving- 
_ stress within the body of the pile itself either at the head, at the foot 
or in the middle, which might occur even with a truly concentric 
- blow. No doubt in the Authors’ investigation, which was among 
- the first of its kind, it was well and inevitable that attention should 
be concentrated upon the points of major importance and of the 
simplest character, detailed effects and modification being added 
subsequently. For that reason the research appeared to have dealt 
- more particularly with the third of the types of failure above 
enumerated. It seemed to Mr. Peel that the second type was the 
4 commonest, and that local conditions might be the main cause. In 
a pile-driving it was usual for helmets to be comparatively loose-fitting, 
- and even with packing and a short wooden dolly it was probable 
- that each blow was delivered to the pile-head with some degree of 
eccentricity. Now, as the Authors pointed out, the main reinforce- 
ment of a pile probably did not share in the distribution of the 
" stresses near the head of the pile to the extent that was assumed in 
- theory, and hence heavy stresses might be imposed upon the concrete 
“near the edge of the pile, but they were not accounted for in the 
~ mathematical treatment given in the Paper. They might lead to a 
local spalling of the concrete covering the reinforcement at the head 
of the pile, followed by a failure by lateral buckling of the exposed 
links, especially if they were of the square type, which in turn would 
pe followed by failure of the core-concrete at the head. No doubt 
such local side failure at the head was most likely to take place when 
‘the conditions were such as to cause excessively high main stresses 
as indicated in the Paper, but it was not necessarily so. That point 
emphasized the importance of adequate external lateral constraint at 
the head of the pile, as was indeed pointed out by the Authors. Such 
constraint might best be provided by bands of mild steel fixed round _ 
the head of the pile when casting, or by an external band or strap, 18 4 
‘inches or 2 feet in depth, of mild steel bolted round the head of the 
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pile. That method had, he believed, been employed with success on 
piles driven for the foundations of transit-sheds at the Manchester 
Docks. 

Those considerations pointed to the superiority of helical binding 
in reinforced-concrete piles, which was most usefully employed in 
circular or octagonal piles. The latter, however, had the disad- 
vantage that, weight for weight, higher handling-stresses were 
induced than in square piles. Such stresses might, however, be 
properly allowed for in the design. Again, it was sometimes stated 
that, area for area, square piles had a greater periphery than circular 
or octagonal and so gave a greater frictional resistance when driven. 
That was true, but it might under certain circumstances be an 
actual disadvantage. Piles were usually employed for foundations — 
in soft alluvial soils or filling, and were frequently driven through to 
hard and geologically older strata beneath. Such soft strata were 
always shrinking and settling, so that some time after driving the 
friction on the sides of the piles would be reversed if the piles did not 
settle, and would impose a downward drag on them, which, if they 
had been driven to a hard bottom, would add considerably to the 
loads they had to bear. That effect could often be very serious, and 
had sometimes led to actual failure of the piles. It was essential 
that that factor should be considered and allowed for in the design 
of piled foundations. 

Were the stress-gauges situated upon the pile-axis? In future 
researches it might be useful if the Authors would investigate the 
stresses at different points in the cross section, especially near the 
head and foot where the distribution might not be uniform. 

The most important factors which the Authors had neglected in 
the mathematical theory were, as stated, the damping effects of th 
external friction of the ground and the internal absorption of energy. | 
It might be possible to extend the mathematical theory to include 
those factors, which would be most valuable, since no doubt they 
had a considerable effect both upon the distribution of stress and the 
calculation of bearing capacity. With regard to the latter, Mr. 
Hiley’s researches and the formula he had devised appeared to be 
the most useful and reliable, since they formed a rational approach to 
the subject. Most of the other formulas which had been pro- 
pounded were little better than rough rules applicable only to the 
very small range of conditions from which they had been derived. 
In using the Hiley formula it was best to make a separate estimate of 
the temporary compression factor O, using the values given by Mr. 
Hiley for the helmet and packing compression, the elastic compres- 
sion of the pile (taking its full area into account), and the “ quake of 
the ground.” Allowance could also be made for the actual length of 
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any dolly that was used, in estimating its elastic compression. The Mr. Peel, 
_ elastic compression of the pile was usually calculated (as by Mr. Hiley) 
_upon the assumption that the resistance was uniform throughout the 
pile, thus neglecting side friction, and the effect of the latter was 
presumably included in the additional corrective-factor for the 
“quake of the ground,” which had also to be added. The Authors’ 
4 researches had indicated the importance of side friction, and it might 
_ be well if an improved method of calculating the total term C were 
~ employed, taking into account that factor as modifying the actual 
temporary elastic compression of the pile. 
_ In using Mr, Hiley’s formula Mr. Peel had always assessed the 
value of C in terms of the stress R/A, as a linear expression, which led 
to a quadratic equation in F or a linear equation in S, either of which 
“might be solved quite readily. 
A type of failure which sometimes occurred was that in which a 
~ number of transverse cracks appeared. In one case fifty-three piles 
were driven for a foundation, through 35 feet of gravel (which had 
been deposited through water), 4 feet of peat and silt, and 9 feet 
of virgin gravel, on to a bed of hard sandy clay. They were 
55 feet long, 14 inches square, and reinforced with four 13-inch rods 
~ with j-inch links at a pitch of 10 inches for the greater part of 
their length. At the date of driving they were 5 or 6 years old, . 
_ and when they had been made the test concrete had shown good 
_ results. They had been carefully handled. All the piles were driven. 
successfully to a depth of about 50 feet by means of a 45-cwt. monkey 
falling 3 feet 6 inches or 4 feet. About half a dozen developed 
_ spalling at the head, and one only developed fine transverse cracks 
_ after the pile had been driven about 10 ft, and all within the space of a 
few blows, It was found that these cracks were situated at every 
ink, and extended right round the pile. He had been considerably 
‘puzzled as to the real cause of that failure; perhaps the Authors 
could indicate it, in the light of their researches. Another of those 
“piles, after being driven to a depth of about 42 feet, developed bad 
‘spalling at the top. It was reheaded with aluminous cement 
concrete and redriven after an interval of 64 hours. The driving 
resistance (calculated by Hiley’s formula), which had gradually 
increased to about 68 tons up to the point of the failure, was found 
to be about 83 tons when driving was recommenced. The final 
stance was about 117 tons after a further penetration of 7 feet. 
‘That, and many other similar cases which other engineers could, no 
“doubt, cite, showed that the ultimate useful bearing capacity of a 
ile might be considerably greater than that calculated from the 
1 set, if that set were measured in the usual way at the end of © 
mally rapid drive, or, on the other hand, might be considerably 
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_ investigation, and had been largely responsible for its inception 


‘very low for concrete as normally produced ; it might be of the order 
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frictional force. A useful measure of the increase of side friction — 
could be obtained by taking a second set some days after the pile 
had been fully driven, and calculating the driving resistance for 
both sets. ; 


factors which govern pile-driving would enable piles to be loaded 
safely, using a much smaller factor of safety than was sometimes 
adopted. That factor was sometimes made unnecessarily high— 
merely because it was a “ factor of ignorance.” It might well be that 
in driving either timber or steel piles the distribution of stress 
across a section was more uniform than in reinforced-concrete ones. 
It was therefore possible that further research by the methods 
developed by the Authors, and employing those types of pile, might 
yield results which would provide a closer and therefore more 
valuable check upon the deductions of mathematical theory, 
facilitating the development of the latter with regard to reinforced-_ 
concrete piles in future researches. 

Dr. W. H. Guanvix1e, in a preliminary oral reply, thanked the 
Members very much on behalf of himself and his co-authors for the 
way in which they had received the Paper, and said that it had been 
a great pleasure to present it. 

Sir Henry Japp’s examples were obtained at the beginning of the 


He had not seen all the examples before, and had not fully realized 
how bad the conditions had been. é 

He had been very interested to hear Mr. Travers Morgan’s experi- 
ence with piles aged for three months. The increase in crushing 
strength between the ages of, say, one month and three months was 


of 15 to 20 per cent., or perhaps a little more, and it was notable that 
that little increase in strength was sufficient to prevent the piles 
from failing ; unless impact-strength increased at a greater rate than 
crushing-strength, it appeared to confirm the statement made in the 
Paper that under certain conditions the margin of safety was small. 
It was also interesting to hear that rods brought to the surface at the 
head of the pile had produced better results. The examples given 
at the end of Appendix II were intended to indicate the method of 
using the charts, and the Hiley formula had been selected purely 
arbitrarily ; any formula might have been chosen. The constant 0 
as given by Mr. Hiley might be assumed to vary with the degree of 
compaction of the packing, but it had been kept constant in the 
present case because it was assumed that the same packing was used 
throughout, the value of 10,000 for k/A being used at the beginning 
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_ of the test, and that of 40,000 after the packing had hardened. up. Dr. Glanville. 
That point did not affect the working of the example, but only the 
numerical results. 

In reply to Mr. Morgan’s question as to whether k/A was round 
the wrong way in the example given on pp. 201 and 202, k/A was 
correctly stated, for the following reason: The sets of 0-52 inch 
_ and 0-25 inch represented the values required to produce a toe-stress 
_ of 3,000 pounds per square inch; values greater than those would 
_ produce lower stresses, and the greater the margin the better the 
' conditions of driving. Thus a set of 1-15 inch for a soft packing 
—(k/A 10,000) when the set to produce 3,000 pounds per square inch 
was 0-52 inch represented more favourable conditions than a set of 
_ 0-27 inch for a hard packing (k/A 40,000) when the set to produce 
~ 3,000 pounds per square inch was 0-25 inch. The figure of 0-15 inch 
_ teferred to by Mr. Morgan was what the Authors had termed the 


_ elastic set, namely, the elastic movement and not the permanent 
~ movement at the toe of the pile. 
- Mr. McCarthy had referred to full-scale tests which were being 
carried out, and the Authors felt that a considerable amount of 
_ useful information could be obtained by getting very simple measure- 
~ ments from jobs. If records of elastic and plastic sets were obtained, 
coupled with known conditions of hammers and other factors of 
_ importance, the Authors might thence be able to forecast more 
accurately than they had done in the Paper the stresses likely to 
_ occur under typical driving conditions. 
To regard head-failure as an indicator of what was happening 
under the ground was, he thought, wrong, because, as the Authors 
had shown, the stresses below the ground might be higher than those 
‘atthe head. It seemed to him, therefore, that it was not necessarily 
‘bad to use head-bands and to try to protect the head as much as 
possible, particularly as to obtain any reasonable values from a 
_ bearing-capacity formula the stiffness at the head of the pile, which 
was determined by the packing used and the amount of destruction 
- that had occurred there, was likely to affect the actual observed sets 
_ very much indeed. ; 
With regard to eccentricity of blow, the Paper referred principally 
+o transverse vibrations which would be set up at right angles to the 
_ axis of the pile if it were hit eccentrically, and which might induce 
tensile bending stresses. Increased compressive stress due to eccen- 
‘tricity of blow was another matter, and he was in complete agreement 
with Mr. McCarthy that every effort should be made to control the 
driving conditions so that eccentricity of blow was avoided as far 
_as possible. ae 
"Mr. Hiley’s suggestion of using the factor R/c instead of & was, of 
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course, just another way of looking at the question. It might be 
simpler as a first approach to the subject, but he himself had become 
so intimate with the subject that it was more difficult for him to 
see it in the way suggested. In any case the expression R/e was 
only equal to k/A for materials having a linear stress-strain relation. 

It would be extremely interesting to continue the investigation to 
cover the use of a double-acting hammer. He did not quite know 
what that would involve, but he thought that useful work could be 


Mr. Grove’s experiences at Singapore were very interesting indeed. 
The Authors had had no experience of the extraction of piles in which 
excessive stresses had been measured, but numerous examples of 


and were in fact the mairi reason for undertaking the investigation. 
He knew of one pile at least which had been driven under hard 
conditions and where extraction showed that there was no damage 
to the pile, but there was no record of the actual stresses. 
The AvrHors, in completing their reply, stated that in order to 
avoid repetition they would deal firstly with the manufacture of 
piles ; secondly, with their driving ; and, thirdly, with the theoretical 
questions raised. ‘ 
All speakers who had discussed the relative merits of cements had 
agreed in preferring normal to rapid-hardening Portland cement. 
No decided superiority of one over the other had been found in the 
tests made at the Building Research Station, but, as suggested by 
Mr. Manning, the reason might be that greater care was necessary in. 
the manufacture of rapid-hardening cement concrete. The advan- 
tages of extended curing had also been stressed by a number of 
speakers, that point having been dealt with by Dr. Glanville in his 
oral reply. Mr. Walton had inquired what maturing period was 
considered suitable for 1: 12:33 to 1:14:3 concrete made with 
rapid-hardening Portland cement. The results obtained at the 
Building Research Station indicated a continuous increase of impact- 
strength with age, and the maturing period should be the maximum 
possible. Only a relatively small increase in strength, however, 
could be expected after 28 days. 
The Authors were in agreement with Mr. Manning and others 
regarding the importance of good workmanship in the construction, 
and casting of the piles. They were interested to know from Mr. Peel 
that the method of safeguarding the head of a pile by external bands’ 
had been successfully used at Manchester. : rk 
Mr. Haskew had inquired whether rubber had been employed as a 
ing material. Tests at the Building Research Station ha 
t under suitable conditions rubber was highly satisfactory. 


P 


REINFORCED-CONCRETE PILES DURING DRIVING. 231 


_ Its stiffness was low, and remained constant over many thousands of The Authors. 
blows. One of the difficulties of employing rubber under present 

7 conditions was due to the considerable lateral expansion which had 

- to be allowed to take place, and which made its use in ordinary 

- helmets impossible. 

_ A hydraulic cushion incorporated in the hammer had been sug- 

r gested by Mr. Culley. Some form of mechanical cushion was un- 

_ doubtedly an urgent requirement. The problem had received some 

~ attention at the Building Research Station, with the object, however, 

a of producing a mechanical cushion to be fixed to the pile rather than 

to the hammer. The objection to incorporating it in the hammer 

- was that the impact of the piston itself on the bare pile-head would 

induce high stresses of very short duration, and packing would there- 

- fore still have to be used. That objection did not apply to hydraulic 

- devices placed on the head of the pile. 

‘ _ Several speakers had mentioned the importance of local stress- 
mR: 


bh tt 


concentration due to uneven distribution of packing material at the 
head of the pile. That had been emphasized in the Paper (p. 174). 
Mr, Stroyer’s remarks on the use of twenty-four felts in driving piles 
_ appeared to have been made under a misapprehension. Thicknesses 
of twelve and twenty-four felts were used for test blows to obtain 
data relating to packing materials with widely differmg values of 
_ kA. Apart from those tests, the piles were driven with the packing 
normally used by the contractor and described in the Paper. 
With regard to the toe of the pile, it had been suggested that the 
reduced area of concrete at the toe was bound to give rise to greatly 
increased stresses. That assumed the resistance to driving to be 
concentrated at the extreme point of the pile, whereas in practice it 
was certain, unless an obstruction was encountered, that the load 
- was distributed over the inclined faces of the concrete forming the 
toe of the pile, and that the full load was not sustained by the reduced 
section. Mr. Malcomson stated that a pile extracted at Lots Road 
after penetration of the ballast was undamaged, although the toe- 
stresses were undoubtedly nearly as high as those at the head. 
Under such driving conditions it was, nevertheless, very desirable 
that measures should be taken to strengthen the lower part of the 
_ pile, by increasing the amount of transverse reinforcement and by 
external banding. 
Mr. Stroyer asked why driving was continued through the layer 
of ballast at Lots Road. The Authors were concerned only with the 
calculation and measurement of stresses ; that was therefore a ques- 
tion with which they were not concerned and which was decided by < 
_ the engineer responsible for the structure. 
Perhaps the most interesting, though also the rarest, type of 
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that explanation, and pointed rather to some chance combination of 
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failure mentioned by the speakers was that by transverse cracking, 
examples of which had been given by Mr. Stent and Mr. Peel. The 
driving conditions under which the cracks were developed appeared 
to be well-defined, and were those of hard driving against a relatively 
impenetrable medium close to the surface of the ground, so that the 
major part of the pile was above ground and was unsupported. The 
appearance of the cracks definitely proved the occurrence of tensile 
stresses, but it did not appear possible, at the present moment, to 

show conclusively how the tensile stresses originated. The first 
possibility was that the conditions might be those represented by 
the stress-time curves of Fvg. 9, in which a 15-foot pile driven against 
a hard base and undamped by skin-friction vibrated longitudinally 
at its own natural frequency, giving rise to alternating tensile and 
compressive stresses in the middle part of the pile. Damping of the — 
vibrations was probably reduced to a minimum, owing to the hammer 
rebounding from the head and the pile from the ground, thus leaving 
the pile free at both ends, the optimum condition for the maintenance _ 
of vibrations. The rarity of such failures was an argument against 


unfavourable conditions. Also, Messrs. Stent and Peel, in their — 
description of those failures, had implied that the cracks occurred 
over the whole length of the pile, and not only towards the middle as 
would be expected on the basis of the above explanation. 

An alternative explanation was that the cracks might be due to 
excessive transverse vibration. It had been stated in the Paper 
that the tensile stresses due to transverse vibrations produced by a 
single impact on a sound pile were found mathematically to be in- 
sufficient to cause failure, but that it was possible for the vibration 
to be augmented by resonance. The driving conditions were such 
as to minimize damping of transverse as well as longitudinal vibra- 
tions. Ifthe interval between the blows of the hammer were a small 
multiple of the period of transverse vibration of the pile, the amplitude - 
of the vibrations might be sufficiently augmented by slight resonance - 
to cause tension failure. The required combination of conditions to 
produce that state of affairs was likely to recur rarely. If the second — 
explanation were correct the preventive measures would be (1) to. 
ensure that the blow was struck axially and that the helmet and dolly 
fitted evenly on the pile-head, and (2) to restrain the pile at several 
points along its length and prevent swaying of the frame. If the 
first explanation were adopted the only cure would be to use thicker 
packing and/or a heavier hammer. ™ 5 

Mr. Stent asked whether transverse cracks were taken as the first. 
sign of failure in tests to destruction. The transverse cracks pro- 
duced were always extremely fine, and were not considered sufficient 
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to endanger the safety of the pile; the first signs of failure recorded The Authors. 
in the Tables were those of failure in compression. It might be 
noted, in passing, that experiments had shown that generally fine 
_ eracks were gradually healed by further hydration of the cement, and 
~ in such cases did not lead to progressive deterioration of the pile. 

Mr. Stent stated that several cases of vertical movement of the 
longitudinal reinforcement had occurred in conjunction with trans- 
verse cracking. As he suggested, the vertical movement certainly 
~ indicated bond failure. It was possible to explain the upward move- 
ment of the bars by supposing that the cracks were first opened 
~ symmetrically by transverse vibration and were then closed under 
the compressive impact-stress by the concrete above the crack 
slipping down the bars. Of greater importance than the actual 
movement of the bars was the state of affairs indicated below ground. 

Tt was difficult to explain how a protruding bar had been forced 
upwards unless failure had taken place below ground-level. 

Points of theoretical interest had been raised by various speakers, 
some of which had been dealt with in the preliminary oral reply. 
In answer to Mr. Nachshen, the value of 0-15 inch for the elastic set 
was the same as the “ quake ” of the ground at the toe of the pile. 
When the elastic set was measured elsewhere in the pile a correction 
had to be made for the compression of the pile. For driving against 
a hard stratum that was done by subtracting from the measured 
elastic set 0-004 inch multiplied by the length of pile in feet below the 
F 
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point at which measurement was made (see p. 201, Appendix II). 
The equivalent Young’s modulus H, the mathematical expression for 
which was given on p. 192 (Appendix I), together with the average 


_ density p, determined the velocity = zs with which the stress-dis- 
turbance travelled along the pile. Mr. Nachshen had also inquired 
_ whether the &/A value of sawdust was known. That material had 
not yet been included in the series of tests now in progress, but 
experience with test-piles had shown that when first used it had a 
low stiffness and that it was compacted during driving until ultimately 

" its stiffness approximated to that of a block of wood. 

Mr. Williamson had endeavoured to show that the results obtained 
might be explained without recourse to the elastic-wave theory. In 
"his interpretation of the curves of Figs. 13 and 14 he implied that the 
stress in the upper portion of the pile remained uniform as far as the 
point of entry into the ground. That happened to be approximately 
correct in the Figures shown, although it had to be remembered that 
the maximum values did not occur simultaneously. For easy. 
driving the point at which the stress began to decrease sharply was, 
however, not necessarily that at which the pile entered the ground, 


The Authors, 
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but depended very largely on the shape of the stress-wave from the 
head, and thus on the packing and the weight of the hammer, All 
points at which the stress-wave from the foot arrived before the 
maximum had been attained would show reduced maximum stress 
Interpretation of the records on the basis of the static theory w 
therefore likely to be misleading. The point raised as to the value 
of the stress at the middle of the pile in Fig. 14 (d) had been dealt 
with in the Paper (p. 169). 
The Authors were in agreement with Mr. Peel that it would be 
most valuable to investigate the variation of stress in a cross section 
of a pile, particularly at the head, but the problem presented con- 
siderable experimental difficulties. In the experiments described 
the gauges were all situated on the axis of the pile, except in two. 
piles in which additional gauges were cast eccentrically in an 
endeavour to detect transverse vibrations (see p. 177). 
In reply to Mr. Manning, the Authors were unable to give any 
relation between the vertical resistance to driving and the horizontal 
resistance to displacement. No experiments had been carried out 
with steel piles. ; 
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ORDINARY MEETING. 
19 November, 1935. 


Mr. JOHN DUNCAN WATSON, President, in the Chair. 


Tux following Paper was submitted for discussion, and, on the motion 
____ of the President, the thanks of the Meeting were accorded to the 
Authors. 


Paper No. 5007. 
“Vizagapatam Harbour.” 


PART 1.—GENERAL NOTES. 
By Witrriw Cracrorr As, B.Sc. (Eng.), M. Inst. C.E. 
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, PART I. 

= INTRODUCTION. 

 Vizacapatam is situated in latitude 17°-41’-34”, longitude 
83°-17’-45", on the stretch of the eastern seaboard of India known 
_as the Circars Coast. It is almost midway along the thousand-mile 
length of coast between Calcutta on the north and Madras on the 


south. 
: No land-locked or protected port existed along this stretch of 
coast before the construction of this harbour, and this fact drew 


a 
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attention to the possibility of developing its resources. Sea trade 


of a limited volume was carried on at several places along the coast, — 


including Vizagapatam, by means of lighters or surf boats which 
plied between the shore and ships lying in the roads. The uncer- 
tainty of such operations during the long monsoon periods was 
naturally, however, a handicap to commerce; on the other hand, 
there was also the fact that the immediate hinterland of the port 
was neither very extensive nor very rich. It was realized that direct 
railway communication with the Central Provinces of India would, 
in due course, be a necessary condition of the development of an 
extensive export and import trade at Vizagapatam. The coast-wise 
strip between the Eastern Ghats and the sea, which, for a distance 
of 600 miles, was only served by a single line of railway running 
parallel to the coast, would not provide the necessary volume 
of trade. An important role of the new harbour, if there was to be 
one, would be as a gateway for the centre of India. The Government 
of India therefore planned out, in conjunction with the harbour 
project, a railway connection 291 miles long linking up Viziana- 


gram, just north of Vizagapatam, with Raipur, 188 miles west of. 


Nagpur and on the direct line from that important junction to 
Calcutta. Both these places are on the system of the Bengal-Nagpur 
Railway. . 

The new line, which was finished just before the harbour was 
completed, and whose cost exceeded that of the harbour, is intended 
not only to provide a direct outlet for the mineral and other products 
of the Central Provinces, but also to form a backbone for the develop- 
ment of a tract of country some 80,000 square miles in area. This 
country is capable of being made productive, but hitherto had been 
destitute of all but the most primitive means of communication. 
The prosperity of Vizagapatam is certain to depend very largely on 
the success of the railway, although developments cannot be expected 
to occur at once. 

Many schemes, sponsored by various authorities, had been 
suggested for the construction of a harbour, and the success which 
attended the Madras Harbour Project in 1887 strongly affected the 
trend of ideas, succeeding plans being for an outside harbour on 
the lines of that at Madras. The physical circumstances prevailing 
at the sites of the two harbours are, however, dissimilar. Madras 
harbour is projected out from a straight beach, the small river which 
entered the sea just to the south having but little significance as 
far as the harbour is concerned. Vizagapatam (Fig. 1, Plate 1) 
lies on the shore of a bay with a rocky promontory, known from its 
profile as the Dolphin’s Nose, to the’ south, rising near the sea to a 
height of 536 feet. This promontory forms the southern horn of an 
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incomplete crescent of hills within which lies a swamp. A catch- 
ment area of some 200 square miles discharges its waters through the 
swamp, the channel, as it joins the sea, hugging the northern shore 
of the Dolphin’s Nose. The flow through the channel is for the most 
part tidal, but large freshets sometimes occur. The swamp is 
divided from the sea, north of the Dolphin’s Nose, by a sand spit, 
on which the main part of the town of Vizagapatam has been built. 
This swamp was, from all appearances, formerly a part of the sea, the 
sand spit having been formed at a comparatively late stage in the 
silting-up process of the lagoon. These characteristic features, the 
crescent of high ground, the silted-up lagoon, the channel at one 
extremity and the sand spit at the other, are found to repeat them- 
selves in many parts of the world, and conclusions of some significance 
can, it is believed, be drawn from the relative positions of the channel 
and the sand spit. Importance was, in any event, attached to the 
er points in connection with this configuration when it became evident 
4 that the entrance-channel to the harbour was going to present a 
, problem. 
| The harbour project was taken up seriously about 1921 by the 
Bengal-Nagpur Railway, and with that step came a change in the 


a ae 


] outlook, as their consulting engineers, Sir John Wolfe Barry and 
Partners, suggested an inside, land-locked harbour, instead of the 
4 outside harbour formerly contemplated. The channel to the north 
4 of the Dolphin’s Nose really consists of a fold between it and a 
4 very much smaller hill, known as Ross Hill, situated at the point 
7 of the sand spit. The proposal was to deepen out and widen this 
3 channel, and also to dredge through the sea bed beyond. There 
a was, at the eastern end of the channel, the usual sand bar, on which 
surf beat furiously in all but the calmest weather, although the surf 
< (Masula) boats, such as are used on the Circars and Coromandel 


Coasts, were able to negotiate it on most days of the year. The 
q contours below about one fathom were unaffected by the bar and its 
: - channel. This bar had naturally to be dredged away, and there 
q was some discussion, to which further reference will be made, on 
the question as to whether it would, when once dredged, tend to 
7  se-form or not. At the western end of the entrance channel there 
had, by reason of the configuration, to be a turn of some 65 degrees 
to the north-west, and beyond this was planned a. basin, with arms 
running roughly north and south, and flanked by quays, on the site 
_of the swamp. 

Before work was taken in hand on this project, the inside features 
were re-planned by the Engineer-in-Chief, Mr. H. ©. Reid, ©.B., 
M. Inst. C.E., but the essential features of the scheme remained. A 
very extensive tract of the swamp was acquired, comprising, 
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together with the higher-lying fringes near the hills, some 10,000 _ 
acres. The estimates, amounting to Rs. 22,300,000 (£1,667,000 at_ 
present rate of exchange), were sanctioned in 1925, and work was ~ 
taken in hand. 

The question as to the permanency of the sand bar naturally 
received attention. The possibility of there being a littoral drift 
of sand along the coast had of necessity presented itself to the authors 
of the earlier schemes. The fact of there being such a movement 
had been perfectly well established at Madras, where it had been 
found that a volume of roughly a million tons of sand passed any 
given spot in the course of a year, the direction of travel being 
mainly from south to north. That an action of this sort was realized 
is perfectly clear from one, in particular, of those former schemes, 
but the consensus of opinion was that the experience at Vizagapatam 
would not be of this nature. It was contended that the drift en- 
countered at Madras would merge itself in the delta of the rivers — 
Godavari and Kistna and so fail to reach Vizagapatam; that the 
constancy of the contours at Vizagapatam was an argument against 
there being such a drift; that the permanence of the bar profile 
discredited the idea ; and that the currents which would be necessary 
to induce such a drift of sand were absent. The conclusion from 
these observations was that, if an outer channel through the bar 
and the sea bed beyond was dredged, it would, to all intents and 
purposes, be permanent. The possibility of a deposit of a tenth of 
the Madras figure, namely 100,000 tons a year, was admitted by one 
engineer, but that would not be likely seriously to tax a dredger of 
any capacity ; another estimate placed the figure still lower. The 
eventual need for some form of protection at the entrance was not 
ruled out, but it was believed that the indications were to the con- 
trary, and that there was, in any event, justification for taking the 
work in hand on that assumption. : : 

Work was commenced on the three quay berths comprised in the — 
first stage of the scheme, and a suction dredger, the “ Vizagapatam,” 
equipped to work with a cutter or a drag, and designed to discharge — 
into a hopper of capacity 1,500 tons, or through a pipe-line of — 
30 inches diameter, was ordered. Its first task was to dredge its 
way in, and in doing so it met with misfortune; a mooring wire 
broke and the vessel went ashore, its frame being crumpled, and 
it was only salved with great difficulty. The dredger was refitted 
at Calcutta and a second attempt at entry in January, 1928, was 
successful. wid. 

The Government of India had, meanwhile, decided that the 
harbour project was a matter not for the Bengal-Nagpur Railway 
but for themselves, and they arranged to administer it through the — 
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Indian Railway Board, the land, plant, equipment, and_ staff 
being therefore taken over by the Government. Sir Clement Hindley, 
K.C.LE., M. Inst. ©.H., as Chief Commissioner for Railways, was 
responsible for the major decisions in the initial stages. 

Mr. H. C. Reid retired in 1928 and the Author was appointed as 
Engineer-in-Chief in October of that year. Good progress had been 
made on the quay-wall of the three berths and a small amount of 
inside dredging had been done by the “ Vizagapatam” and by 
other smaller dredging craft which had been obtained. 


PLAN oF INNER HARBOUR. 


It appeared desirable, before work proceeded much further, to 
review the plans which had been made for the lay-out of the inner 
harbour. ‘The quay-wall was the first definite step taken, and 
others would quickly have to follow; and the succeeding stages, if 
the scheme were to develop, would be dependent on the work then 
in hand or shortly to be started. The possession of so great a tract 
of land, which was largely free from the limitations generally imposed 
by surrounding features, involved a very distinct responsibility for 
adequate consideration in the initial stages. 

The sanctioned plan, at the time of the acceptance of the estimates, 
showed a turning basin at the western end of the entrance channel, 
situated in the south-east corner of the swamp, and a waterway 
running north-westward from the basin. On the northern side of 
this body of water, a series of arms and tongues was eventually to 
be provided, there being room for six arms and five tongues. The 
quay-wall then in hand, springing from the northern basin, was to 
be the eastern edge of the most easterly arm, and other quays were 
to be parallel to it. A small arm was also provided in the western 
side of the turning basin, as a site for oil berths. Although only a 
limited amount of accommodation was being provided at the outset, 
the future was, very properly, being planned out on a large scale, 
and the possibility of a future port equal to any in the East was 
being visualized. The western part of the swamp was shown as 
excavated out into two large basins, for the purpose of obtaining a 
tidal scour in the entrance channel, the spoil from the basins being 

available for reclamation purposes. The area of the two tidal 
scour basins was 3 square miles. 

An arm-and-tongue lay-out has been adopted in numerous places 


- and it undoubtedly makes effective use of a limited frontage, but it 


has also certain inherent disadvantages which are not always easy 
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to remove. This design involved, in any case, a very high per- 
centage of expensive quay-wall for which transit-shed accommoda- 
tion could not be provided, and which was unlikely to be directly 
productive. Lack of frontage for the quay-system was certainly 
not a defect from which Vizagapatam, with 5,000 acres of swamp, 
suffered. It seemed doubtful whether there was any case for 
copying other ports, in respect of the general system of layout, if 
the conditions were so different. Moreover, it was thought that 
the future of the harbour would be very closely connected with its 
land policy. 

It seemed essential to plan the work so that, in providing the 
future waterways, land would automatically be created where it 
would be wanted. There was sufficient vacant and promising land 
in the vicinity of Vizagapatam to indicate that the harbour would 
meet strong competition when it came to the provision of land for 
industrial purposes arising out of, but not directly associated with, 
the harbour. It was naturally desired that the harbour should be 
: eis 6 
im a position to cater for such development. The arm-and-tongue 
lay-out, examined from this standpoint, was not ideal, as the centre — 
of dredging operations would move in one direction whilst the 
reclamation, work would have to advance in the reverse direction, 
and leads and expense would mount up; the two needed co- 
ordinating. 

The direction of the quays being north and south, that would be 
the direction of rail traffic, but a cross-road would obviously be 
necessary along the northern edge of the system, to give road access 
to the tongues. Main road and rail traffic would thus intersect in a 
highly undesirable manner, and the fact that that happens elsewhere 
would be no excuse. It seemed essential to eliminate the series 
of level crossings which would thus be brought into being. If the 
port were to develop as hoped, nothing seemed clearer than the 
need of rapid and uninterrupted road traffic between all parts of the 
harbour system. 

Railway connection had to be made to the Bengal-Nagpur Railway _ 
System, which runs along the northern edge of the harbour estate, 
at a point near the north-west corner of this property. Room had — 
to be left for the necessary railway-facilities between the main 
system and the quays, and rail traffic would have to be marshalled 
for the main areas and then sorted for these areas, and the neces- 
sity for ample room for this was obvious. It was clear that the 
location of the more westerly of the quays in the arm-and-tongue 
lay-out left very little room for a yard of sufficient size to be capable 
of carrying out these operations, and that extensive railway 
remodelling would have to be faced at a later date, by which time. 
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obstacles might have arisen. It therefore seemed desirable to 
eliminate this possibility. 

An investigation of the position showed the desirability, if these 
objects were to be achieved, of laying out the berthing facilities of 
the future harbour, apart from the arrangements for oil, in two 
main sections. These are designated in Fig. 2, Plate 1, the Northern 
Basin and the Western Arm. The lay-out provides for fifty berths, 
of which only three have so far been constructed, although features 
in connection with these have necessarily been executed in relation 
to future berths comprised in the plan. 

The spoil available from the waterways will suffice to fill up a solid 
block of land, comprising some 1,600 acres, extending to the northern 
and eastern boundaries of the harbour property, and providing for 
all needs which can be foreseen, as well as giving scope for large 
industrial development. Reclamation will be easy and land will 
become available, so far as can be seen, as the call for it arises in 
connection with the water areas. The great breadth of 1,440 feet, 
which was adopted for the northern basin, was arrived at in con- 
nection both with the supply of spoil for reclaiming adjacent tracts 
and with the desirability for providing an area, other than the 
turning basin, in which ships will be able to turn, as the turning 
basin itself, with so many berths in use, might become congested. 

The alignment of quays at the approach to the northern basin 
was dependent on the quay wall on the eastern side, which was 
already in hand. The shape of the western arm is mainly deter- 
mined by the presence of a hill called Tummidalametta, jutting up 
from the swamp. 

In the original design, the lengths of quay at the ends of the arms, 
and of the tongues, would have been ineffective, as transit sheds 
could not have been built there. The expenditure involved on this 
account would have approached half a million pounds in the com- 
pleted scheme. This waste of quayage has been very largely 
eliminated in the revised lay-out, nearly the whole of the quayage 
being effective. 

The ends of the northern basin and the western arm are s0 
situated, in relation to the site for the main railway marshalling 
yard, that there is ample room between the port end of that yard 
and the nearest berths for classification yards suitable for the number 
of berths provided. 

- Main road traffic, both to the berths of the northern basin, and 
to those of the northern side of the western arm, will cross running 
lines at one point only, namely at the northern end of the northern 


basin, where an overbridge can be provided. 


The intention is that extension shall take place at first along the 
st : 
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eastern side of the northern basin, where room for twelve berths is 
available, and then along the western side, where twelve more can 
be accommodated. If, however, the present trade in manganese 
ore develops in the interim, a start may be made at the southern 
end on the western side, where four mineral berths, with suitable 
dumping areas in convenient relation to them, have been planned. 
For the present minerals are, as a measure of economy, being handled 
at the first, or most southerly, berth on the eastern side, but this 
is intended only as a transition phase. The western arm will give 
room for fifteen berths on the northern side and twelve on the 
southern side, but this is a far-off stage of development. A channel 
has, however, been formed between Tummidalametta and the 
turning basin, to take the drainage water from the catchment 
area, and the western arm thus exists in nucleus. 

This revised lay-out was adopted after reference to Messrs. Rendel, 
Palmer and Tritton, consulting engineers to the Government of India. 
The firm would have preferred, if circumstances had allowed, to site 
the two arms rather differently, eliminating certain of the angles 
in the long lines of quays, although they did not press the point as 
local circumstances were against it; to have made this alteration 
would have meant sacrificing certain of the main aims in view. 
The berths are arranged in strings of either four, six or eight, which 
are quite considerable lengths, and the salient angles offer facilities 
for obtaining rail access to quay lines from the running lines behind. 
The Government of India, after considering the project, adopted 
this revised lay-out as proposed to them in 1929. This revision 
entailed no alteration of the arrangements in view for the accom- 
modation of the oil trade. 

Meanwhile, satisfactory progress had been made with the pro- 
gramme of inside dredging, described in Mr. Rattenbury’s Paper, 
post, p. 267. 


THE PROBLEM OF THE ENTRANCE CHANNEL. 


After a year’s observation of the physical conditions prevailing 
at Vizagapatam, the Author became perturbed regarding the sound- 
ness of the conclusions which had been reached as to the likelihood 
of trouble in maintaining the outer channel. A decision regarding 
the outlook had to be made. If it were correct that there was no 
littoral drift to fear, the sooner the outer dredging were started the 
better ; if, however, a large annual amount of maintenance dredging 
would at once be involved, the completion of the outside programme 
had necessarily to synchronize with that of the inner, for every 
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season would, pending completion, mean considerable extra work. 
A comparison with other cases in different parts of the world, and an 
analysis of the facts, strengthened the view that the drift existed 
and was of considerable magnitude. The obliquity of the wave- 
action during the south-west monsoon had not escaped the notice 
of early observers, and the contention that the harbour was protected 
by the delta of the Godavari and Kistna seemed highly speculative. 
The constancy of the sea contours was quite compatible with a heavy 
drift, and it was considered that the feebleness of the currents gave 
ino guarantee of immunity. It was the wave-action which was feared ; 
the currents themselves might be insufficient to cause serious trouble, 
but they were capable of helping to move sand temporarily forced 
into suspension by the waves. Observations of the type of wave- 
action at work in the bay to the south of the entrance appeared to 
indicate a steady movement during the south-west monsoon and, m, 
general, the reasons in favour of security seemed very doubtful. 
The tidal scour basins, referred to above, had been eliminated from 
the programme, as investigations had shown that, with the range of 
tide at Vizagapatam, which has a mean of 3 feet 3 inches, the 
resulting scour-currents could not be hoped to be in any way com- 
mensurate with the expense of forming an artificial reservoir. 

A request was made for permission to make a visit of inspection 
to the coast of Natal, where the type of action which was suspected 
was definitely present, and where the conditions in many ways closely 
resembled those at Vizagapatam. The circumstances at Durban, 
in particular, were considered to be of especial interest. The lay-out 
of Durban harbour corresponds in a striking degree to that of 
Vizagapatam. Each is on an eastern coast. There is the bluff 
on the south, the encircling high ground, the partly-silted-up lagoon, 
the channel hugging the bluff, and the sand spit, while the tidal 
conditions correspond almost exactly. The prevailing wind is 
similar, although the seasons differ. The troubles encountered in 

‘connection with the Durban entrance have been recorded in the 
Proceedings of The Institution. There were, however, many factors 
in the Durban situation which it would be well worth while to 
ascertain on the spot, and also conditions at other South African 
ports on that seaboard would, it was considered, well repay 
investigation. The visit was paid in 1930, and by the courtesy of 
the officials of the South African Railways and Harbour Department, 
a mass of facts of vital interest in the case of Vizagapatam was 
accumulated. No single circumstance was noted which gave rise 
to any confidence in the immunity of Vizagapatam from a heavy 
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1 Minutes of Proceedings Inst. C.E., vol. cxciii., 1912-13, Part III, p. 1. 
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coastal travel of sand, whilst ideas were gathered as to the best 
means of dealing with it if it were found to be present. 

The dredging of the bar and outer channel was started at the end 
of 1930. Outside dredging work would obviously have to be com- 
pleted during the transition period between the north-east monsoon, 
which lasts as a rule till December or January, and the windy spell 
proceding the south-west monsoon, which usually arrives at the 
end of May or at the beginning of June. The months of March to 
May were not likely to be of much use for this purpose and the 
really favourable weather could not be reckoned at more than about 
seven weeks. By the time the 1930-31 “calm” season programme 
of outside operations had been completed, the bar had been removed. 

The direction of swell changes by some 45 degrees as the north- 
east monsoon gives place to that from the south-west, and with this 
change, the siltation of the recently-formed channel set in. The 
progress of the accretion was carefully measured at frequent intervals, 
and it was not difficult to correlate it with the intensity of the 
observed wave action. By the end of July it was obvious that the 
travel-was on a large scale, and by September the bar had all but 
re-formed to its original contours. The days on which the suction 
dredger was able to work in the channel were few and the accretion ~ 
could not be held in check, but once the bar had practically re-formed, 
accretion slowed down. The action was obviously that which had 
been anticipated ; the bar was nothing but a submerged beach, and 
the trouble was caused by beach travel. The travel in a full season 
could not be recorded, but the data accumulated, together with those 
of wave action, to which the movement could mainly be attributed, 
gave the means for making an estimate. 

A major problem was thus involved. The conclusions were :— 

(i) that the volume of the sand travelling along the coast 
amounted to a figure comparable to that at Madras; 
that is, nearly a million tons per annum past any given 
place ; 

- (ui) that it took place very largely in shallow water, the 

major part of the movement occurring in a zone 600 feet 
broad ; 

(i) that it was the result primarily of wave action, though 
accentuated at times by shore currents ; 

(iv) that what had to be overcome was the northerly drift — 
occasioned by the south-west monsoon, the effects of 
the north-east monsoon being of a minor order. This 
latter point had been a topic of controversy between 
early investigators, whose work had led to no definite 
conclusions. 
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The likelihood that a dredger would be able, by itself, to maintain 
the channel under such conditions was remote, and drastic measures 
had obviously to be taken. But if a shore-connected breakwater 
was run out from the Dolphin’s Nose, in.two seasons the southern 
bay would certainly be completely silted up. It would, in fact, choke 
up as quickly as the breakwater could be advanced; there would 
be no respite and it would forthwith be necessary to dredge on the 
weather side in order to hold the accretion, which would always be 
tending to creep round the end of the breakwater. This is success- 
fully done at Durban, but there the weather conditions are more 
favourable for it. Calm spells occur all through the year, and the 
authorities are able to rely on being able to dredge during some 
10 or 12 days in each month. Vizagapatam enjoys no such advan- 
tages, and it would have been very rash to rely on a dredger to hold 
the drift, even with an outer sand trap to help it. From June to 
September, during which the greater part of the northerly littoral 
drift takes place, there is generally a swell of from 5 to 15 feet in 
a normal year. A great deal of capital had been invested in the 
dredger “ Vizagapatam,” and the expense of a second large dredger 
specially adapted for bar dredging had, if possible, to be avoided 
for a port whose trade had almost entirely to be built up from the 
beginning. ‘The existing vessel was being equipped with a, flexible 
suction, but the wisdom of relying upon it to carry out unaided 
this task of maintenance would certainly have been open to 
question. 

There was a further point of importance to consider. If any 
scheme was adopted, the basis of which was the hoppering annually 
of a million tons of sand out to sea, erosion would almost certainly 
set in on the beach to the north of the channel; the wave action 
would continue, and if not fed by the littoral drift would take the 
sand from where it found it, and the contours would recede. An 
excellent example of this had occurred at Madras, where hundreds 
of acres of land on the northern side of the harbour had been lost ; 
Z ~ but there it was agricultural land, while at Vizagapatam the town 
 - itself had to be considered. The sand spit, doubtless formed by 
_ jittoral drift, would in fact vanish when it ceased. It might be 
controlled by revetment or by other means, but it was an issue to 
be avoided if possible, and this was a point in favour of any scheme 
under which the deposit of sand, which apparently had to be dredged 
in any event, would be discharged on to the beach, so restoring the 
natural régime. ; 

If the existence of the littoral drift were established, the method 
which had been in view, as a result of the South African visit, was 
an island breakwater on the southern side of the channel, so aligned 
16 
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that the sand would pass through the gap between it and the 
Dolphin’s Nose, and would come to rest in a sand trap, under the 
lee of the breakwater. The alignment would have to be such that 
the dredger would, except-on days of heavy swells, have moderately 
calm weather in which to work. Fifty per cent. of the days, or 
even less, during the four bad months would suffice for the work, 
and it was proposed to discharge the major part of the spoil by pipe 
line on to the northern beach. 

The conditions observed at Port Elizabeth in 1930 had strengthened 
this conclusion. At that time a breakwater was being pushed out 
seaward from the end of a long piled jetty, which formerly had 
caused no obstruction to the littoral drift of sand. The conditions 
closely resembled those aimed at for Vizagapatam ; the drift-sand 
was accreting, in relation to the breakwater and the gap (which 
was actually the piled jetty), just where it would be wanted to accrete 
at Vizagapatam. 

With the guidance of the data which had been accumulated as a 
result of the experience gained in the south-west monsoon of 1931, 
a working model, to a natural scale of +4,;, was constructed for the 
purpose of investigation, representing the water area in the southern 
part of the bay, as represented in Fig. 3. The idea that the cause 
of the trouble was almost exclusively wave action, although aided 
by such currents as would be set up by waves of translation, had 
been confirmed by observation. The working model was made 
solely to investigate the results of these; freshets and their silt 
contents, tides, winds, and salinity were ignored, as it was considered 
that allowance could be made for their effects. A V-shaped displacer 
was constructed, worked by a winch, and this was arranged to dis- 
place a quantity of water at such intervals as would be necessary to 
produce waves corresponding to those of an average monsoon swell ; 
that is, about from 8 to 10 feet wave-height, by 150 feet wave-length. 
The frequency was fixed at 10 times that of nature, in conformity 
with the scale of 3,5. 

The working model was used ‘to investigate many ideas. Its 
findings as to the “‘ degree of tranquillity ” which would be caused at 
various parts by breakwaters of various lengths, and on different 
alignments could, it was felt, be accepted. The indications it gave 
as to the nature of the movement of sand under wave-action were 
also accepted with some degree of confidence, but although the 
quantitative results it yielded were not altogether unlikely, they were 
only noted with reserve. The fine sand used in the model really 
represented, to scale, pebbles of about } inch each way; but the — 
reaction between the water and the wet sand was that between a 
lighter and a heavier fluid, not that between a fluid and a granular 
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mass, and close correspondence between the natural and the experi- 
mental facts was observed on several points. 

It appeared that an island breakwater, about 1,000 feet long, could 
be sited in such a way as to cause the sand, as it passed through the 
gap, to deposit to the south of the channel and to reduce the height 
of waves in that area to about one-fourth of that prevailing just 


Fig. 3. 
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Scale 1 inch = 1600 Feet. 
Feet 500 1000 1500 Feet 


If a 2 feet swell could be assumed in the sand-trap on 
days when there was an 8 feet swell outside, that would be 
uld be carried out in a 2 feet swell, and 


satisfactory. Dredging co 
plenty of days would be available during the monsoon months on 


which to work. 


Time, however, was a very important factor in the situation. 


the inside dredging, and work in 
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connection with other features was approaching completion, while 
interest on expenditure was piling up. Unless some solution of the 
outer channel problem could be found, the capital expended on all 
these works and on the land, amounting to some £2,000,000, would 
be lying almost idle, for it would not be practicable to open the 
harbour to ocean-going ships, 

The economic slump had by that time set in, and the redundance 
of merchant ships was a matter of common knowledge. Ships of all 
sorts were for sale at ridiculously low figures, for they were only a 
source of expense to the owners, and there seemed no prospect of 
their going to sea again. This suggested the idea of using two 
merchant ships as a nucleus of the required island breakwater. It 
was concluded that they could be scuttled in the desired position 
at the very beginning of the calm season of 1933, and forthwith 
ballasted inside and protected outside by stone boulders. It was 
believed that, before the advent of the south-west monsoon of 1933, 
sufficient protection would be in position on both the weather and 
lee sides, to stabilize the bed of the sea around the ships during the 
monsoon. The sea bed was of sand, coarse and fine, firm enough 
as a foundation but capable of movement under a flow of water. 
The whole problem would be to ensure there being, all round the ships, 
a sufficient depth of stone boulders to prevent movement of sand. 
The ships’ own derricks would largely be employed for this, and an 
abundance of natural stone of great density was available, suitable 
in every way. a 
_ It was concluded that the ships could be held in this way during 
the south-west monsoon, when, as was known, a 15-foot swell might 
be experienced ; after that there would, however, still be distinct 
risks. The coast is subject to cyclones, which generally occur in 
the latter part of the year, and there was no means of knowing 
the exact effect of a “direct hit” on the port. Such records as 
were available said nothing on that subject, but it was clear that 
a direct hit was infrequent. Cyclones from time to time travel up 
the coast and cross it at some distance away from Vizagapatam, but ~ 
_ three or four direct hits were all that were to be expected in a century. 
Risks would have to be run with any form of uncompleted work, 
and they would, as far as could be seen, be but little greater in the 
type of work contemplated. If, then, the work survived one year, 
it could be greatly strengthened against the next season and, in due 
course, increased until the breakwater was independent of the hulls. 
Meanwhile, if security could be achieved by the middle of 1933, it 
would be possible to open the port to traffic, an object which the 
Government of India were very anxious to achieve. 

This scheme was submitted, after much investigation, to the 
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Government of India in the first half of 1932. The Government 
decided that the scheme should be sent to London for scrutiny by 
Messrs. Rendel, Palmer and Tritton, and that the Author should go 
there to discuss it with them. 

The accretion of the monsoon, of 1931 had, in the interim, been, 
removed in the “ calm” season, and a much longer channel dredged. 
An extension southward of the channel, by way of a sand-trap, had 
been provided, to see whether the channel could by its means be 
more effectively maintained, although there was no protection. 
Whilst the Author was engaged in London on the above discussion, 
Mr. Rattenbury was waging this struggle against the south-west 
monsoon of 1932. The results were encouraging; the sand-trap 
assisted up to a point, and a fair section of channel was maintained, 
but it would clearly have been a precarious step to open the port 
under such conditions. 

Messrs. Rendel, Palmer and Tritton, after considering the scheme 
for maintaining the outer channel, agreed with the Author upon the 
main issues. They concurred in the idea of an island breakwater 
on the southern side, in conjunction with a sand trap, although they 
would have liked.a rather different alignment; they endorsed the 
view taken regarding the possible danger to the northern beach, 
but they were doubtful of the possibility of forming, by means of a 
nucleus of two ships, a barrier which would resist the south-west 
monsoon, As the Author adhered to his views, a reference was 
made to Sir Alexander Gibb and Partners for a third opinion. After 
very careful consideration, this firm agreed as to the feasibility of 
the course recommended ; they did not overlook the presence of 


risk, but they considered. the degree of risk to be justifiable. The 


Government of India then sanctioned the scheme. 

It had been necessary, as a precaution against delay in execution 
of the work, to buy the two ships, in the hope that the Government 
would sanction their use. They arrived at Vizagapatam in November 
1932, were adapted for the purpose in view, and were scuttled on the 
earliest possible days, in January, 1933. By the end of May 
preparations had been made for the onslaught of the monsoon, and 
that of 1933 proved to be of exceptional violence. The outcome was, 
however, as dealt with on p. 295, more fortunate than had been 
hoped. The breakwater withstood very severe buffetings and was 
in a robust condition at the end of the rough weather. The degree 


_ of drawing-down of stone boulders, which had been indicated by the 


working model when it was used for investigating this point, had not 
been realized, the movement being in practice much less. The 
model had in this connection been regarded with suspicion on account 
of the units involved. The natural scale being 1/100, the scale of 
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weights was 1/1,000,000; but velocity being 1/10, and (velocity)? 
being 1/100, there was clearly a great discrepancy between the two 
constituents making up the energy factor. Very small divergencies 
in representation could seriously affect the results, although these 
factors, according to the principle of similitude, are supposed to 
cancel out and thus to equate the scales of the moments of stability 
and overturning. Working models have been used to form con- 
clusions on matters such as this, but it seems clear that caution is 
necessary in interpreting the results. 

The breakwater fulfilled its purpose in affording the degree of 
protection required, causing the sand to deposit in the trap as 
planned, and the channel was maintained throughout 1933 with very 
little difficulty. The assumption that the drift of sand round the 
outer end of the breakwater would be very small in volume turned 
out to be justified ; it appeared to amount to some 3 per cent. only 
of the total quantity. 

It may be unlikely that circumstances will combine to make a 
repetition of this breakwater advisable in other cases. Cheap ships 
must be available, as well as a more or less incompressible bottom 
at the site, and the method is suitable only for an island work. A 
few of the more important technical data in connection with the work 
are referred to on p. 312. 

Certain administrative difficulties somewhat delayed the general 
opening of the harbour, but the first ship entered on the 7th October, 
1933. The harbour was formally declared open by H.E. The 
Viceroy, on the 19th December, 1933. 

The original estimate for Rs. 22,300,000 had to be reviewed in 
1931, after the facts of the entrance problem had been established. 
The expenditure in the first stage of construction was then estimated 
at Rs. 30,854,000 (£2,307,000), a large part of the excess being on 
account of interest, as the anticipated date of completion was never 
practicable. Estimates were also called for to cover all anticipated 
capital expenditure up to 5 years from that of opening, that is, to 
1938. This brought the total to Rs. 39,885,000 (£2,982,000). 

At the time of the opening of the harbour, the draught of ships 
using the port was restricted to 26 feet, although a maximum 


draught of 28 feet 6 inches was in view in the near future. The 


governing tide level is + 2 feet 6 inches, and the still-water keel- 
level would therefore be — 26 feet for a 28 feet 6 inches draught ship. 
In the outer channel such a ship would have had 8 feet under its keel. 
In the inner channel, although there was by October, 1933, hardly 
any rock left, the silt had not been cleared sufficiently to permit of a 
keel level of — 26 feet. 


The foregoing Paper is intended only to give the sequence of 


ASH AND RATTENBURY ON VIZAGAPATAM HARBOUR. 251 


events and to state the reasons underlying the main decisions. It 
may be read as a preface to Mr. Rattenbury’s Paper in which will 
be found more informative matter in connection with the execution 
of the work. 

Sir Guthrie Russell, Assoc. M. Inst. C.E., was Chief Commis- 
sioner for Railways during the greater part of the construction 
period, while Mr. V. E. D. Jarrad, Agent, Bengal-Nagpur Railway, 
was from 1929 onward ex-officio Administrative Officer for the 
harbour. After Mr. H. C. Reid’s retirement in 1928, Mr. O. B. 
Rattenbury, M. Inst. C.E., assumed charge for 6 months and was 
also in control during the Author’s absences in 1930 and 1932 and 
after his departure in 1934. Important parts were played by Messrs. 
F. Hodgkins, B. V. Narayana Rao, Assoc. M. Inst. C.H., 8. Nanjundiah 
and J. Cruickshank. Mr. T. Verghese was responsible for the marine 
surveys on which the policy in connection with the entrance problem 
was based, while Captain J. W. Day was Dredging Superintendent 
from a very early stage in the work. 


PART II. 


INTRODUCTION. 


Part I of this Paper, by Mr. W. C. Ash, deals with the general 
position and the sequence of events leading up to the design and 
and inception of the harbour, as far as its present stage of develop- 

4 ment. The provision made for future development, and the major 
problems of the bar, the channel and the protection, which had 
to be solved in order to bring the harbour into being, are also dis- 
j cussed in detail in Part I. 

Part II of the Paper deals mainly with the actual work of con- 
struction of this harbour, and general matters are only referred to 
___ where necessary for the sake of clearness. 

4 As explained in Mr. Ash’s Paper, a development layout for a very 
large harbour has been prepared, and the provision made in this 
layout exceeds any probable growth that is likely to occur, as the 
‘ layout covers the whole of the available area that could be utilized 
for harbour purposes. This, in the Author’s opinion, was the wisest 
: step to take. 
The first stage of the work, which forms the subject of this Paper, 
comprised the following items. 

1. The purchase of about 15 square miles of land. 

9. The construction of a wharf 1,600 feet long, providing three 

500-foot berths. 
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. The building of three transit and storage sheds. 
The provision of railway facilities. 
. The laying-out of roads, drains, and a water supply. 
. The establishment of a temporary manganese depot. 
. The construction of a power station. 
. The erection of quarters and offices. 
. The provision of four wharf cranes, and suitable mooring 
facilities. 
10. The purchase of dredging and other plant, including workshop 
equipment and stores. 
11. The dredging of the following areas of the site :— 
(a) An outer channel with a bottom width of from 300 to 
500 feet. 
(6) An inner channel, 300 feet wide at the bottom. 
(c) A turning basin 900 feet in diameter, with three 
mooring berths adjoining. 
(d) A northern dock, having a bottom width of 450 feet. 
(e) A sand trap to the outer channel. 
12. The reclamation of low-lying land adjoining dredged areas. 
13. The construction of a breakwater. 


Co COI D OH Oo 


14. The purchase of port equipment, such as tugs, water-boats 


and other accessories. 
15. The computation of the interest on the capital involved. 
- The cost was originally estimated at Rs. 22,300,000, but 


‘certain extensions of the facilities to be provided brought the 


cost up to Rs. 25,000,000 (£1,870,000). The scheme was to have 
been completed by 1929, but the time required for dredging had 
been under-estimated and the harbour was not opened until 
October, 1933. 

When revising the estimates it was realized that the return on the 
capital would be very small for some years, and the estimate of the 


capital position, allowing for interest during construction, is about 
Rs. 40,000,000 (£2,990,000). 


The actual cost of construction work exclusive of land and interest , 
is, however, Rs. 24,455,000 (£1,830,000) and a sum of Rs. 3,450,000 
3 (£258,000) is estimated to be required for the plant for port 


equipment. 
The future layout is shown in Fig. 2, Plate 1. 


PHYSICAL, GEOLOGICAL, AND NavrticaL FEATURES. 


The main physical features of the area in which the harbour is 
situated are shown in Fig. 1, Plate 1. The internal area, which it is 
intended to develop for waterways and wharves, consists of alluvial 
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sand and clay, to an average depth of about 20 feet below low 
water, and then a layer of sea-sand, below which rock or rock 
overlay occurs at from 45 to 60 feet below water. The average level 
of the original ground surface was from 3 to 5 feet above low water. 

In some parts red clay is met with near the surface, and extending 
right down to the rock. This clay is very stiff and often gravelly, 
and would appear to be disintegrated rock, as the rock overlay often 
consisted of similar material with boulders. Thin beds of indurated 
sand were also encountered in certain sections, at levels of from 30 to 
40 feet below low water. Along the site of the quay wall the rock 
was from 50 to 60 feet below low water and was covered by a layer 
of stiff yellow clay. 

The main rock ridge of the Dolphin’s Nose, the small ridge on the 
north side of the channel comprising Ross and Durga Hills, and all 
the isolated hills in the harbour, with one exception, are formed of 
metamorphic sedimentary rock, greatly distorted. The one excep- 
tion is Galli Hill at the north-east corner of the harbour area, which 
consists of a form of trap. Judging by the large cubical boulders 
with which its surface is covered, this rock contains columnar 
fissures. 

Building stone for the quay wall and transit sheds was quarried 
from the Tummidalametta Hill. The facing and coping of the quay 
wall, however. was of granite quarried at Vizianagram, a town 40 
miles north of Vizagapatam. Stone for the breakwater was quarried 
from Ross and Durga Hills and from Soonametta. The large 
boulders on the upper and outer surfaces of the breakwater were 
mostly quarried from the trap at Galli Hill. The weight of the 
metamorphic stone, or “‘ gneiss” as it is generally called, is about 
175 pounds per cubic foot, but the weight of the trap from Galli Hill 
is about 190 pounds per cubic foot. 

The hills slope down steeply when they reach water level, and it 
was practicable to avoid rock dredging in the waterways of the 
harbour, except for a length of about 1,000 feet in the entrance 
channel and at one or two other positions in the channel. The 
depth of rock over the main section which had to be excavated was 
from 1 to 6 feet, it being as much as about 10 feet at a few points 
only. The information as regards rock depths was obtained from 
borings, a large number of which were taken before and during 
construction. 

The entrance channel is the drainage outlet to about 200 square 
miles of hinterland, the average annual rainfall for the last 60 years 


being about 39 inches. Serious floods are liable to occur during the 


north-east monsoon, from the end of September to the beginning of 


December, when a rainfall of some 24 inches may be registered in 
<i 
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about 3 days, and as much as 12 inches has been known to fall in 
one night. 

When such a heavy rainfall has occurred in the past, it has had 
the effect of raising the water level in the harbour area to as much 
as 13 feet above low water, with consequent flooding of the lower- 
lying portions of the town. The great increase in the sectional 
water area of the entrance channel should ameliorate the effects of 
such heavy rainfall, which, in any case, seldom occurs more than 
once every three or four years. 

The tidal range varies from 7 inches in neaps to 5-9 feet in springs, 
and the mean sea-level is nearly 2 feet lower from January to March 
than it is from October to December. The tidal current down the 
channel at spring tides is in the neighbourhood of 1 knot, but before 
the channel dredging was commenced a bad flood occurred in October, 
1928, which produced an ebb current of from 5 to 6 knots and a 
difference in level of water between the inner and outer ends of over 
3 feet in a distance of about 3,000 feet. . 

The tidal currents in the bay are small and unimportant, and are 
not very well defined. During the south-west monsoon, from about 
May to September, the ebb sets up the coast at the rate of about 
1 knot, while during the north-east monsoon, from November to 
January, the alongshore current is down the coast. These variations 
are largely the effect of wave action, which has a northerly obliquity 
to the coast in the former case and a southerly obliquity in the 
latter. 


_ The coast line in the vicinity of the entrance to Vizagapatam 


harbour has a north-easterly direction, but immediately to the 
south of the entrance the coast is rocky, and takes a sudden bend 
in a north-westerly direction. To the north of the entrance, the 
_ coast runs in the normal north-east direction and consists of a sandy 
foreshore. The slope of the sea-bed, which consists of clean sea- 
borne sand, is roughly 1 in 100 opposite the entrance. Before the 
entrance channel was dredged, there was a bar across the natural _ 


river outlet which in the early part of the year extended to within _ _ 


2 feet of low water level, but was somewhat deeper in the later 
months. This bar was evidently a portion of the coastal beach, 
somewhat lowered by the drainage and tidal flow from the internal 
drainage area. What channel there was changed its position within 
the limits of the rock boundaries according to the time of the year. 
The reasons for the change were obscure and could not be diagnosed 
with any certainty until a considerable channel had been dredged 
and observations of the movement of sand into this channel taken. 

It was then found that during the south-west monsoon, from the 
end of May to the beginning of October, there is a strong northerly 
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drift of sand, confined to a belt along the coast line about 600 feet 
wide. The quantity measured as coming into the channel is from 
800,000 to 1,000,000 tons in this period. During the remaining 
months of the year there is additional siltation of from 200,000 to 
300,000 tons. This is mainly the effect of the north-east monsoon, 
but is distributed over a wider area. The nature of the drift has 
been studied both at site and in a model of the entrance constructed 
for the purpose. 

The data bearing on the subject may be summarized as follows :— 

(a) Wave Directions —From the middle of January to the end of 
February, the wave direction is changeable and the wind is variable 
and light, but by the end of February, the wave direction has settled 
so that the waves approach the channel from a direction averaging 


about 50 degrees south of east, this direction being maintained until 
near the end of September. During October, changeable conditions 


 yecur, but by the end of that month the waves approach from 


practically due east, and continue to do so until the middle of 
January. The changeable periods, February and October, are the 
months in which the calmest sea may be expected, but the limits 
of the calm weather periods extend either way in different years. 

(b) Wave Heights —The roughest period of weather occurs during 
the south-west monsoon from the end of May to the end of 
September. Wave-heights up to 21 feet have been registered, but 
unmeasured waves during the storm in November, 1933, were 
estimated at from 25 to 30 feet in height. The bad weather 
occurs as a rule over a succession of about 7 or 8 days, alternating 
with a comparatively calm period. Generally speaking, the bad 
weather is not accompanied by wind, the roughness of the sea being 
due to a disturbance in the bay, possibly at a considerable distance. 

During the north-east monsoon months, November to January, 
bad weather occurs, but not to the same degree of roughness as 
during the south-west monsoon, and this also takes the form of a 
series of storms. 

The levels of crest and trough of a series of waves have been 
measured during nornial south-west monsoon weather and also during 
a storm, and the troughs of waves which occur in bad weather may 
be as much as 8 feet below mean sea-level. 

(c) Practically all disturbances are cyclonic, but at the same time, 


the occurrence of a severe storm is very rare. The history of known 
- cyclones striking the coast line in the vicinity of Vizagapatam is 
given in tabulated form in Appendix 1, from which it will be seen 


that the last one occurred during November, 1923, before the 
Authors were associated with the district. The observations of 


— eyelonic action in the Bay of Bengal are also given in the same 
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Appendix. As far as Vizagapatam is concerned, the important 
consideration is that, with one known exception, they always occur 
between the end of September and the beginning of December ; 
that is, during the north-east monsoon. The wave-direction may 
therefore be expected to be from the north and the movement of 
any sand disturbed by the sea would naturally follow the same 
direction. 

(d) As regards wave-direction, the south-west monsoon may be 
said to start in March and to continue until the end of September, 
but the official monsoon period, which is accompanied by rough seas, 
breaks at the end of May or at the beginning of June. 

(e) The waves during this period break with a northern obliquity 
on the coast-line to the south of Vizagapatam, and their height is 
sufficient to cause the sand to move northwards. The sand appears 
to be drawn down the beach more or less at right-angles, and then 
to be pushed upward and forward in the wave-direction. 

(f) Only the portion of the sandy foreshore which is shallow 
enough to come within the action of the waves is affected. On the 
average this appears to be a belt within about 300 feet of the water's 
edge. 

(9) From observations and measurements of: siltation in the 

channel area and in a sand trap south of the channel, very little 
movement appeared to take place unless the waves exceeded 6 feet 
in height, and beyond that, the movement was roughly proportional 
to the height of the waves. : 
’ (h) In one rough period of about 10 days’ duration, as much as 
200,000 tons of siltation in the channel has occurred, and as this 
tended to push across the channel in a narrow belt, the difficulty of 
keeping the channel open to shipping, unless protective measures 
were provided, was too great to be entertained. 

(7) As the movement was due to the action of waves above a 
certain height, it was considered that if a protective work were built — 
to the south of the channel, sufficiently far away to ensure a com- 


paratively sheltered area where the waves would be reduced to 


below the critical height, the sand could be induced to settle in that 
area and it would then cease drifting northward before it reached 
_ the channel. ; 

These considerations formed the basis of the design of the sand 
trap and breakwater which are described later. Weather in the 


north-east monsoon is normally much less violent than that during — 


the south-west monsoon, and although wave obliquity is favourable 
for a drift along the coast in a southerly direction, the wave-height 


portionally less, and it is hoped that it can be controlled by dredging. 
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It has been decided to wait for experience in this direction before 
embarking on expensive protective measures. a 

It is realized that a cyclone would probably cause a serious blockage 
of the channel, but as it is such a rare occurrence, it is probably more 
economical to repair the damage when it occurs than to provide 
against it. E 


Co-ORDINATE SURVEY. 


Surveys —A survey of the area to be covered in the preliminary 
stage of the work, which was provided for in the estimates, was made 


before the commencement of the work. At a later stage, after 


dredging and work over the whole area had been commenced, it was 
decided to establish the co-ordinate system shown in Fig. 4, Plate 1. 
A graving dock primarily intended to take the suction dredger 


had been constructed on the north side of the entrance channel, 


the direction of which was approximately east and west, and the 
centre line of this dock was taken as the base line, the end of the 
dock being taken as the corresponding zero-line at right angles. 
The whole harbour area was divided into 100-foot squares based on 
these co-ordinates, and every important point fixed in relation. 
For instance, the sounding lines of the channel were taken parallel 
to the north-and-south co-ordinate, and bearing points fixed on the 
shore at intervals of 100 feet right out to the extreme sea limit of 
the channel, which was about 6,000 feet east of the north-and-south 
zero co-ordinate. 

This co-ordination has been of the greatest use during the con- 
struction period, as it has ensured all “ works” sections working 
to one basis, instead of branching out on individual surveys. This 
latter is a confusing practice which is very liable to spring up when a 
constructive work is divided up into several divisions. 

In this Paper, in describing certain aspects of the work, use 
will be made of this co-ordinate survey where it is necessary, in order 


 . to state the position at which a particular work has been constructed. 


RECLAMATION. 


The description of the work of construction of the harbour may 
be divided into four sections, namely, the shore works, quay wall, 
dredging, and breakwater. 

Shore Works Reclamation.—The shore works commenced in 1926 

‘with the construction of the quay wall and the formation of reclama- 
tion bunds to contain the spoil which was to be pumped ashore by 
the suction dredger. The position of the reclamation bunds and the 


areas of reclamation contained by them are shown in Fig. 4, Plate 1. 
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The ground to be reclaimed was for the most part exposed at half 
tide, and the depth of reclamation averaged about 9 feet, so that 
the general level of the reclamation is about 12 feet above low” 
water. 

The original ground surface was generally quite firm, consisting 
of an upper layer of sand overlying clay, but in some parts there 
were a few inches of silty clay on the top, and the ground was also 
intersected by nullahs or natural drainage channels, where the soft 
material might be a few feet thick. The great proportion of the 
area, however, might be described as good building ground provided 
the surface had been above tide level. ; 

The containing bunds were mostly constructed of the material — 
obtained from the adjoining areas. They were pitched with stone 
on the outside for permanent protection, and on the inside where - _ 
necessary to protect them from scouring arising from the pumping 
operations while reclamation was in progress. Sand bags were also 
used for the same purpose, and while pumping was in progress a 
gang of men, was constantly employed affording protection wherever 
scouring indicated danger to the bunds. The same gang was 
required for extending the pipe-line with the advance of the re- 
clamation, and the men soon became skilful in their work. 

As far as possible, in order to facilitate both jobs, the pipe-line 
was provided with two branches, so that either a threatened breach 
could be averted, or one branch of the pipe-line could be extended 


_ by diverting the spoil to the other branch. The result was that 


reclamation seldom interfered with the continuity of dredging 
operations. ; 

In the case of the oil-depot reclamation on the south side of the 
harbour, a portion of the river bed was enclosed, and as about 
2,000 feet of the enclosing bund had to be deposited in from 5 to . 
12 feet of water, stone was used for the work. The reclamation 
material was mainly sand, and although the stone bunds were not 
lined the leakage during reclamation was not great. Sand bags 
were however used by the pipe-line gang whenever necessary as the 
reclamation proceeded. This reclamation advanced at a very rapid — 
rate and the small amount of trouble experienced was soon past. 

Where the earth bunds crossed nullahs there was difficulty in 
closing the bunds against the tides. This was overcome by building 
the bund across the nullah with a double sand-bag cofferdam and — 
then filling in between with earth; this was brought up to high- 
water level and then the whole was enclosed in earth to the full 
height of the bund. By careful preparation beforehand, it was 
generally possible to perform the closing operation in one tide. 
This method was better than attempting to close the opening with 


stone, as the strong running tide was apt to wash away the earth 
at the ends of the stone dam and so make a fresh opening. 
The reclamation material being mainly sand, the greater part of 

the finished reclamation area consists of an excellent firm surface. 

In certain areas, however, where the pumped material was mainly 
clay, the area at a distance from the pipe outlet was of a soft clayey 
nature, and the ground will take time to grow firm and may be 
somewhat treacherous for buildings. These areas have for the most 
part been mattressed with sand deposited from railway trucks. 
A dragline dredger was at work supplementary to the work of the 
suction dredger, and the spoil from the former, which consisted of 
- sand, was conveyed by a railway laid for this purpose. 
The harbour has, it will be seen, been fortunate in respect of the 
- nature of the reclamation material. The sand, having been deposited 
while wet, has compacted very firmly, and no appreciable settlement 
has taken place since the spoil was deposited. The areas were so 
arranged that the overflows were a long way from the inflow, and 
practically the whole of the material pumped was deposited within 
the reclamation areas. Checks of quantities deposited against 
dredging were made in the earlier stages and the agreement was 
hae close to indicate that no appreciable leakage was taking 
place. 

The only difficulty with the finished reclamation has been that the 
dried surface sand is apt to blow about and become a nuisance. A 
large part of the area was therefore surfaced with a few “inches of 
clayey material which was obtained from the quarries, and was 
planted with ipomea creeper, grass, and casuarina trees. In spite 
of a very small rainfall for seven continuous months each year, it 
has been possible to establish this vegetation. 

The quantities of reclamation in each area are given in Table I on 
p. 260. 
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GENERAL ITEMS. 


General Buildings, etc—An electrical installation has been installed 
for providing power and light to the harbour. It is also proposed 
to supply current in bulk to the municipal lighting authority, and 
to the Bengal-Nagpur Railway. An extension of the plant will 
become necessary if both these proposals are carried out, and the 
design allows for units to be added as required. 

The plant consists of two A.C. generating sets each of 300 K.W. 
capacity, steam being supplied at 200 pounds per square inch from 
Babcock and Wilcox water-tube boilers. The current is supplied to 
main transmission lines at 3,300 volts and is transformed down at. 
suitable stations to 220 volts. 
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A limited amount of housing for employees has been provided, 


that for the superior staff being built, at Waltair on a site called 


Harbour Park some 24 miles from the harbour, while quarters for 
the subordinate stafi were built at Dondaparti, near Waltair railway 
station. 

The water supply was obtained from the municipal authority, the 
harbour authorities giving financial aid, under certain terms, to an 
extension of the existing municipal supply. A subsidiary source 
from an adjacent area, expected to yield about 50,000 gallons 
of water per day, has been acquired. This source is favourably 
situated at a height of about 190 feet above sea-level, the water being 
led through a tunnel 1,370 feet long and roughly 4 feet by 6 feet in 
section, and delivered at one of the jetties on the southern side of 
the harbour. An additional supply is under contemplation, and 
this will have to be put in hand within the next few years. 

Moorings.—The harbour layout indicates four mooring berths, 
the moorings consisting of cylindrical buoys connected to a system 
of anchors and chains. The ships are moored fore and aft as there 
is not room in the harbour for swinging berths. Each set of moorings 
consists of the following equipment :— , 

Two mooring buoys, each 14 feet 8 inches long by 8 feet in 
diameter. 

Four anchors, each of 3 tons weight, arranged two to each buoy. 

Four vertical chains, each 7 fathoms long by 3 inches diameter 
(stud link). 

Two ground chains, each 30 fathoms long by 2? inches in 
diameter (stud link). 

Railways and Roads.—The general layout of the railway provision 
is shown in Fig. 2, Plate 1, the gauge being 5 feet 6 inches, which 
is the standard of the Bengal-Nagpur Railway. 

The scheme was very carefully considered from the point of view of 
providing for the greatest possible development of which the harbour 
area was capable. The actual provision forms a part of the develop- 
ment scheme which is necessary for the immediate future, but is 
designed so as to enable suitable extensions to be made as development 
takes place. The smallest radius of curvature aimed at is 800 feet, 
with an absolute minimum of 600 feet in exceptional cases. 

The question of road access has also been carefully considered in 

order to fit in with railway development. Level crossings occur 


on subsidiary lines, but in the ultimate development the main road 


_ traffic will be carried across the main railway traffic at one point 
only, by means of an overbridge. 
In the first instance the roads have been constructed of ordinary 


 macadam over a section of the road reserve, and provision has been 


it 


Hf 


during a part of each year. 


"16 feet depth by 13 feet 6 inches draught. It is fitted with salvage — 


150 I.HP. tug which will prove useful. during a part of the year ; 
_ for general work in the port. | 
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made for resurfacing with asphaltic macadam when consolidation — 
has taken place and the volume of traffic warrants such a step. 

For main roads, the land reserved is 100 feet wide, of which the 
central 30 feet is metalled at present; this may be increased up to 
60 feet as necessity arises. The roads are flanked by open drains, 
trees have been planted, and lighting 1s by electricity. For 
subsidiary toads and cross roads it is proposed to reserve 60 feet 
of land with the central metalled width varying from 20 feet to 
36 feet. All roads are laid level and no grades occur except where 
they meet the town roads. 

Manganese Ore Plant.—Manganese ore is expected to form an 
important item of export. In the present stage, and until the lines 
of development are better known, the provision made is to utilize 
general berth No. 1 as a wharf for loading manganese, and four 3-ton 
electrical cranes have been provided for this purpose. A dump has 
been provided where ore can be unloaded from railway wagons and 
stacked. It will be brought from the dump to the wharf by a narrow- 
gauge railway, and trucks and locomotives have been purchased for 
the purpose. 

If the trade develops, it is proposed to provide a separate wharf 
and loading plant for mineral traffic, the present arrangement being 
regarded as only provisional. 

Port Equipment.—The equipment of the port at present consists 
of two tugs, the smaller of which is required for dredging operations 


The tug “ Sir Guthrie Russell ”’ is of 1,500 I.HP., has twin screws, — 
and its dimensions aré 127 feet 6 inches long by 35 feet beam by 


and fire pumps. 

The tug “‘ Grampus” is a twin-screw vessel, of 600 LHP. and 
measures 85 feet long by 22 feet beam by 9 feet 9 inches depth by 
8 feet draught. It was purchased in 1929 and has been in constant 
‘use since for dredging purposes. 

The purchase of an additional tug, of about 500 I.HP., is under 
contemplation, for assisting the mancuvring of ships round the 
bend at the entrance to the turning basin, and into their berths at 
the wharfs. : 

In connection with dredging operations many small craft are 
available, such as anchor- and water-barges, lighters, and a small 


. 


Provision has been made in the estimates for an ash-boat, an 
anchor-barge, and a pilot-launch when they are required. 
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Quay WALL. 


The quay wall was constructed of monoliths of the type shown 
in Figs. 5, Plate 2. Its length along the Northern Dock is 1,671 feet, 
and is made up of thirty-five monoliths, with a return end at 
the southern extremity consisting of four monoliths and having a 
length of 183 feet. The site of the wall, including a working area 
behind it, 200 feet in width, was enclosed from the tide by bunds. 
Broad-gauge railways were laid along both sides of the quay wall 
and also along the rear bund, where the cement shed, stores and 
offices were sited. Narrow-gauge lines for the supply of building 
material were laid by the sheds and along the site of the wall to the 
rear of the broad-gauge railways, and stone for the monoliths was 
brought from a quarry about 2 miles distant by narrow-gauge 
lines. ; 

Three steam grabbing-cranes, each capable of lifting 3 tons at 
35 feet radius, were used for sinking the monoliths in the later stages _ 
of the work, and for depositing the concrete plugs in the monoliths 
and the concrete filling in the inter-monolith spaces. 

The material through which the monoliths were sunk consisted 
of a few feet of sand underlain by a band of clay averaging about 
20 feet in depth. Below this was a layer of water-bearing sand in 
free connection with the sea, and once the clay was broken through, 
the water level in the monolith wells was tidal. Below the sand 
was rock overlay and beneath that, rock at about 60 feet below low 
water. The clay varied along the length of the wall, from silt at the 
south end to stiff blue and red pebbly clay at the north end, and was 
of varying thickness, while the top level of the rock was also very 
variable. 

The monoliths were sunk into the sand to a level of about 45 feet 
below low water, and as the dredged level of the berth was to be 
30 feet below low water, the bottom of the monoliths was to be 
about 15 feet below this. The ground below was known to improve 
from sand to hard yellow clay or other rock overlay, with rock just 
below. 

The wall has been standing for 5 years with the berth dredged to 
the full depth in front, and has shown no sign of movement except 
for a few cracks in thé upper wall, which are inevitable in a wall of 
this length. 

‘The concrete was for the most part mixed by hand alongside the 


ee monoliths, and by starting the construction of the whole length of 


the wall at a very early date, it was possible to work at many places 


simultaneously. As a result, the daily quantities of masonry and 


concrete placed each frequently exceeded 3,000 cubic feet. 


ae 
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The monoliths were two-well structures, measuring 42 feet in 
length by 26 feet in width, the walls being 4 feet 6 inches and 
5 feet 6 inches wide, and the wells measuring about 15 feet by 13 feet. 
They were sited 5 feet apart and were constructed of rubble masonry ~ 
lining-walls, filled in with Portland cement concrete hearting. The 
steel shoes were constructed in Calcutta and sent to the site in 
sections, being erected in position by hand labour. 

The natural ground level averaged 3 feet above low-water level, 
and a trench was excavated in the first place to 3 feet below 
L.W.O.8.T., but later it was taken down 7 feet below L.W.OS.T., 
and the shoes were founded in this trench. When the trench was 
excavated for the whole length of the wall, three 5-inch centrifugal 
pumps were installed at intermediate points in the trench, although 
only one pump was actually necessary to deal with the water. 

The steel shoes were framed together, levelled im situ in the trench 
and filled with concrete, and the corbel to the full width of the wall 
was also cast in position in concrete, between shutters. The block 
was again levelled, by excavating in the wells, and the walls were — 
then built to a height of from 18 to 22 feet above shoe level with- 
out further excavation. By the time that this height had been built, 
the monolith had as a rule settled several feet into the ground, and 
had either reached the clay stratum or compressed the overlying 
sand sufficiently to exclude ground water. In most cases the settle- 
ment was even, but any uneven settlement was easily rectified during 
the first excavation stage, and was neglected during the time building © 
was In progress. 

The first stage of the sinking was done by hand, but this 
method ceased when the monoliths penetrated the clay stratum to 
the underlying sand. When the lower sand was reached water 
entered too fast to be kept down by pumping, and the rest of the 
sinking was done by grabbing with a steam crane. The depth of 
sinking by hand was about 20 feet, and when it had to stop the 
second stage of masonry was put in hand. Two methods of hand — 
excavation were employed : one small contractor passed the material — 
up by hand to the top, where it was thrown over and removed to — 
reclaim the adjoining working area. The other raised the material — 
in buckets or baskets by means of a block and tackle and deposited 
it over the top of the monolith wall. These méthods sound primitive, : 
but they were cheap, and were very expeditious with a large number 
of monoliths in progress at the same time. For the hand stage of — 
the work, adjacent monoliths were sunk together, but at the later 
stage, when crane-grabbing was in use, the monoliths were sunk 
alternately throughout the length of the wall. nie 

The chief reason for this was that when the excavation reached a — 


ve 


the formation of slurry during deposit. Above this level, the wells 
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certain stage, the ground behind the monolith was apt to blow, and 
the crane track was temporarily lost. By sinking the monoliths 
alternately, however, the crane track behind the monoliths on either 
side could be maintained, and grabbing could be continued without 
interruption. Continuous sinking of monoliths is as important an 
element of success as continuous sinking of piling, and for a similar 
reason, as it prevents the setting up of excessive surface friction 
between the surrounding soil and the monolith walls. 

Although the majority of the monoliths were taken down to full 
depth without the use of kentledge, some of them passed through two 
troublesome stages. The sinking depth was reduced to 40 feet by 
excavating a trench for the monolith shoes to a depth of 5 feet 
below L.W.O.S.T. A moderate depth of this extent is undoubtedly 
of great assistance during the sinking operations, and in the 
experience of the Author, the real difficulties commence at about 
this depth. 

Over a portion of the area a layer of “ kunkur”’ was encountered 
at from 30 to 35 feet below L.W.O.S.T., varying from a few inches 
to 2 feet in thickness, and was uneven across the width of the wall. 
The monoliths were supported by this, and took a tilt where the 
thickness was least. As a rule the grabs broke through the layer, 
but the monoliths had to be straightened in a short distance, various 
methods being employed. Piling kentledge on the side was rarely 
sufficient by itself, and digging in the well close up to the high side, 
and digging behind the wall, were resorted to. To get the monolith 
moving at all after a long rest was a difficult matter, and in a number 
of cases 2-pound charges of gelignite were exploded in each well, 
invariably with satisfactory results. For straightening the mono- 
liths, digging behind the well, with the assistance of kentledge, 
proved very effective. Pumping down the water was also tried, 
but blasting was easier and more effective. As soon as the well 
did start straightening it was necessary to remove the kentledge 
and dig in the centre, as otherwise the correction movement was 
apt to go too far; judgment in this matter was, however, very soon 
gained. 

When the monoliths reached the approved level of 45 feet below 
L.W.0O.8.T. there was generally a considerable hole below the bottom, 
and this was levelled with stone up to about 2 feet below the kerb 
and then packed by divers with bag concrete. The wells were 


_ plugged to a depth of 30 feet below L.W.O.S.T. with concrete, which 


was deposited under water in skips, the skips being lined with gunny 
bags filled with concrete and having the gunny cloth tied over at 
the top. This prevented any appreciable escape of cement and 
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were filled with sand to the top of the monoliths. The inter-monolith 
spaces were excavated to 39 feet below L.W.O.8.T., the faces being 
closed with sheet-steel piling. The spaces were then filled with 
concrete to the top of the monoliths. 

The floor of the subway in the upper wall was carried by corbelling 
from the cross walls of the monoliths. Between monoliths the 
solid pieces were actually about 15 feet wide, including the widths 
of the inter-monolith space and of the two adjoining monolith walls. 
The back walls of the monoliths were carried up to ground level in 
order to carry the rear line of the crane railway, and the upper wall 
was faced with granite surmounted by a granite coping. 

There were originally thirty-seven monoliths in the whole length 
of the wall, but subsequently an extension of two additional mono- 
liths on the return wall was made. The thirty-seven monoliths 
were sunk in under two years, a total sinkage of 1,710 feet, the best 
rate of sinking being about 330 feet in 3 months. 

The total quantities of the main items of work were as follows :— 


. 
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Excavation: Masonry : Concrete: Sinking: Number of 
cubic feet. cubic feet. cubic feet. feet. monoliths. 
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2,300,000 570,000 830,000 1,750 39 
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_ The first shoe was founded in September, 1926; 700 feet of the | 
completed wall were ready for use in June, 1929, and 1,200 feet 
by September, 1929. The wharf was extremely useful for berthing 
the suction dredger “ Vizagapatam”’ in the early stages of the 
dredging operations, and from November, 1930, it has beencontinually 
in request for the trade of the port. ; y 
The S.S. “ Janus” and “ Willesden,” which had been acquired for 
the construction of the breakwater, were the first ocean-going 
steamers to be berthed alongside the wharf, this event occurring 
in November, 1932, and the first steamer for purely trade purposes 
was the S.S. “ Jaladurga,”’ brought to the wharf on the 7th October, 
1933. 
Transit Sheds.—The transit sheds are designed as single-storey — 
buildings 200 feet wide. They are constructed of steel frames 
filled in with masonry, with a wharf space of 50 feet and provided ' 
with a truck loading-platform at the rear; granolithic concrete was — 
used for the floors. Seat 
Three sheds were built in the first instance, Sheds Nos. 2 and 4 
being only half-width and Shed No. 3 the full width. Sheds Nos. 
2 and 3 were completed in November, 1930, when the trade of 
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the port was transferred to the new wharf. By this date an 
experimental channel had been cut through the bar, which en- 
abled tugs and 50-ton lighters to be utilized for loading ships in 
the roads, instead of the 5-ton masulah boats which had been in use 
until then. 

Quay Cranes.—Four 3-ton electric quay cranes of the portal type 
have been provided, in the first instance for loading manganese to 
ships, but ultimately to be used for general purposes. If trade 
warrants, they will be supplemented by 1-ton cranes of similar type, 
and the estimate provides for a total of nine cranes. 


DREDGING. 


The dredging operations in connection with the harbour have 
entailed the provision of a considerable amount of shore- and water- 
equipment as adjuncts to the dredging itself. 

A graving dock was one item of importance, and the dimen- 
sions were based on those of the dredger “ Vizagapatam,” which 
were 272 feet long by 52 feet 6 inches by 11 feet 6 inches light 
draught. 

The length of the dock was fixed at 320 feet from the meeting-face 
of the gates to the rear wall, the width being 60 feet 6 inches between 
the entrance walls. The floor is 13 feet 6 inches below low-water 
level, and the tops of the docking blocks are set at 9 feet below 
low water, the height of the blocks being made sufficient to give clear 
manipulation of the hopper-doors. The sill level is 14 feet 6 inches 
below low-water level; this is lower than first intended, and was 
fixed at this figure in order to allow a future lengthening and deepen- 
ing of the dock to take place for general trade purposes, without 
necessitating any alteration to the entrance and gates. The width 
of the dock and the depth of water over the sill will permit internal 
alterations to be made to take normal steamers up to about 420 feet 


in length and of from 6,000 to 8,000 tons gross. Such steamers form | 


about 90 per cent. of the ships utilizing the graving docks at, for 


instance, Calcutta. ‘The general plan and section of the graving 


dock are shown in Figs. 6. : 
The dock was excavated largely from rock, and the floor consists 


entirely of a thin concrete lining on rock; poor quality concrete 


was used in order that any water making its way through the rock 


would be free to leak through the concrete. The south wall is a 
concrete gravity wall, consisting of concrete hearting between rubble- 
masonry linings, and the altars are of dressed masonry. Most of 


the lower portion of this wall is, however, a concrete lining on rock. 
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Figs. 6. 
Scale: 1 Inch = 100 Feet. 
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The north wall is entirely a lining wall, the original rock having 
come up to coping level for the whole length. The entrance walls 
and floor were taken down to give a sill-thickness of about 8 feet of 
cencrete, great care being taken to make the sill-concrete and 
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entrance-walls completely water-tight. The keel quoins and gate 
sill-faces were made of granite carefully dressed, while the gates were 
constructed of teak with sheet copper lining on the outside. Two 
12-inch steam-driven centrifugal pumps were installed for pumping 
out the dock. 

The main quantities of work were as follows :— 


Cubic feet. 
Bixcavation-(soit)) =. 5 S66 ee 556,000 
MUR DOCK prem sranew tor wath etre 620,000 
WES (Nay Se i Se eg sce CA eset Cie aa 42,000 
Goncreteae” eee ee Pree OR. Bs 120,000 


The cost of the dock was about Rs. 375,000 (£28,000). It 
was first used on 3rd May, 1930, and in the first three years the 
suction dredger was dry-docked six times, a total of 121 days in 
all, and the dock was also utilized for the overhaul of the rock- 
breaker, tugs, hopper barges and other craft, on about seventy 
occasions. 

Workshop and Fowndry.—Another very necessary accessory was 
the workshop and foundry. This was laid down on a somewhat 
small scale in the first instance, but was augmented from time to 
time until the constructional work was practically independent of 
outside assistance in regard to repairs, and it is hoped that the plant 
is sufficiently powerful to deal with the majority of shipping repairs 
that are likely to be called for when the port is in operation. The 
cost of the buildings was Rs. 64,296 (£4,800) and the cost of the 
machinery amounted to Rs. 232,917 (£17,400). 

During the construction stage the motive power consisted of two 
15 HP. portable steam-engines, one of which was usually kept in 
reserve, but electric driving was substituted for steam in 1934, 
when the generating station came into operation. 

Other Accessories —Slipways for repairing the pontoons for the 
floating pipe-line consisted of 3 rails supported on sleepers carried 
by rubble cross-mounds down to 3 feet below low water. The 
space between the mounds gave working room below the pon- 
toons. A steam winch was fixed at the head of one slipway, but 
it was found quicker and simpler to haul the pontoons up by 


hand. The slipways were very cheap and roughly built but proved 


effective. we0ri4 
A 15-ton steam derrick crane, with service jetties, was erected 


near the dry dock on the entrance channel, and was used for taking 
heavy lifts from the suction-dredger and other craft. Its radius of 


action was 80 feet, and it was also used for loading heavy stone in 
connection with the construction of the breakwater. 


1] 
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Dredging Plant.—A list of the important details of the plant used 
in connection with the dredging is given in Appendix II. “ita 

The actual dredging machines were the suction-dredger “ Viza- 
gapatam,” the rock-breaker and dipper-dredger “ Waltair,” a one- 
cubic-yard grab-barge “ Mudlark,” and a 24-cubic-yard 90-foot- 
radius dragline. For a short time an additional barge was fitted 
with a grab-crane for rock-dredging purposes. When the breakwater 
was put in hand, a 300-ton rock hopper-barge was obtained, and this 
will eventually be fitted with one 10-ton Priestman crane, for main- 
tenance work and future rock-dredging. 

The accessories to the suction-dredger consisted of three water- 
barges, two anchor-barges, the 600 I-HP. tug “ Grampus ” and the 
150 I.HP. tug “ Dolphin,” about 5,000 feet of floating and shore 
pipe-line, and burning and welding plant. The rock-dredging plant, 
in addition to the use of some of the above, had a fleet of four 150-ton 
hopper barges, five 50- to 100-ton deck barges, and two Ingersoll- 
Rand compressors for rock drilling. 

In connection with the suction-dredging, permanent light bollards 
were constructed along both sides of the entrance channel at 100-foot 
intervals, along the sea face of the Dolphin’s Nose, and at various 
suitable points around the turning basin. Numerous dredging and 
survey pillars of a more or less permanent nature were also erected 
at convenient sites. 

The suction-dredger ‘“‘ Vizagapatam’’ was responsible for the 
major part of the dredging operations, and the rest of the plant may 
‘be considered as accessories to this craft. It is a stern-well-cutter 
suction-dredger with a 1,500 cu. yd., 1,500 ton hopper. The cutter 
could be operated at 45 feet below water-level, and projected 
beyond the stern, so that the dredger was adapted to cut its own 
channel. : 

The engines are aft and the boilers are forward of the hopper, 
instead of being alongside each other, and this arrangement necessi- 
tates an additional engineer for boiler control. The dredger has 
four engines in two sets, and two sand pumps. The two engines of | 
each set can be coupled together or worked separately on either the 
propellers or the pumps. The pumps work in series for pipe-line 
work, but can work singly into the hoppers. The whole arrange- 
ment is complicated and necessitates an intricate system of suction 
and discharge pipe specials around the pumps, and a special 
system of valve gear on the engines. Separate engines for pumping 
and propulsion, and single pumps, seem a preferable arrangement, mS 
but where everything is dependent on one dredger there is much 
to be said for the pumps being in duplicate, so that one pump can at 
be kept in reserve for use when the other breaks down. The dia- 
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meters of the suction and discharge pipes were 30 inches, and the 
pump impeller was 6 feet 6 inches in diameter. 

The four main engines were triple-expansion and of 900 L.HP. 
each, the top speed being 210 revolutions per minute, and the actual 
working speed being from 160 to 180 revolutions per minute. The 
cutter engine was of 300 LHP. Four boilers, 14 feet in diameter 
by 11 feet 9 inches long, with 9,400 feet total heating surface, were 
installed, the working-pressure being 180 pounds per square inch. 

The pumps were rated to deliver 1,000 tons of average material 
per hour through a 4,000-foot pipe-line, and to fill the 1,500-ton 
hopper in 1 hour. The latter duty was very easily fulfilled, but 
with the material dredged at Vizagapatam, the former duty did not 
work out in practice, the average rate of pumping over 4 years being 
about 600 tons, with a pipe line not as a rule much above 3,000 feet. 
The material was mostly sand. 

The dredger was fitted with three winches in the stern and one 
double-barrelled winch in the bow, and in this respect two capstans 
on the poop would have greatly increased the convenience and safety 
in handling the vessel. Another improvement would have been the 
provision of derricks, both over the engine-room ladder-well and also 
over the stern for changing the cutter, an operation which was not 
infrequently required. 

The dredger, however, did its work well and is still in excellent 
trim. The improvements mentioned, and others of less import- 
ance, suggested themselves as difficulties were encountered during 
the execution of the work. The craft was intended as a double- 
purpose dredger for reclamation and hopper work, which always 
tends to introduce undesirable complications. 

For reclamation work, 2,000 feet of floating pipe-line and 3,000 
feet of shore pipe-line was obtained, and this quantity has been 
maintained throughout. The floating pipe-line consisted of tubular 
pontoons with Simon’s improved ball-and-socket joints, each 
standard pontoon carrying a 50-foot length of pipe. A number of 
25-foot pontoons were included in order to increase the flexibility 
of the line, particularly for inside reclamation work. 

The wear on the pumps and engine-room specials, and to a lesser 
extent on the pipe-line generally, was considerable, as the greater 
part of the material pumped consisted of heavy sand. The first 
pumps were of cast iron 3 inches thick, but these were replaced by 
‘cast steel when they became worn out. The history of the pumps 
which have been worn out up the present date, is given in Appendix 
III, Table D. A comparison between cast iron and cast steel cannot, 


- however, be made from the Table because the cast steel pumps have 


been built up by electric welding. During the later years the 
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practice has been to do this very thoroughly at each overhaul, thus ~ 


adding greatly to the life of the casings. Further, it is the upper 
half of the casing, particularly near the discharge, which is subject 
to the greatest wear, and a spare upper half is now being ordered 
with each new set of pumps. 

With the two pumps working in series, the wear is less on the inlet 
pump than on the discharge pump, probably owing to the higher 
discharge pressure on the latter. 

It is not so easy to record the wear on the cast-iron special pipes 
round the pumps. Their history is given in Appendix IV, Table E, 
together with an explanatory diagram. It will be seen that 
those nearest the pumps and subjected, from their position or shape, 
to most wear, have, in four years of dredging representing nearly 
23,000 pumping hours and over 250 million cubic feet of solid 
material pumped, been renewed three or four times, and in one 
case five; in the same period, the suction-pipe has been renewed 
three times. The suction-pipe was of mild steel 2-inch thick in the 
earlier pipes, but later pipes were made 4-inch thick. The cast- 
iron specials were generally about 14-inch thick. In general, 
defective pipes and pump-casings were enclosed in concrete in 
their badly-worn stages, in order to avoid any stoppage in the 
dredging between the times of overhauls. 

Experience tended to indicate that mild steel and even soft 
metal withstood wear as well as cast steel. One reason that might 
account for this is that the hard surface of cast steel will not 

allow a lubricating layer of mud to adhere to it, whereas softer metal 
probably will do so, at least fora time. A similar result was obtained 
with the renewable blades of the cutter. These were wearing very 


rapidly at one time, when rock overlay was being cut away, and as 


the stock of manganese-steel blades was exhausted, mild-steel blades 
were improvised out of scrap metal, and were found to wear quite 
as well as the manganese-steel blades. The experiment was not 
carried further because, on inviting local quotations for mild-steel 


blades, the price worked out greater than manganese-steel blades 


obtained from England. 

As regards the wear of the floating and shore pipe-lines, figures for 
5 years’ use are given in Appendix V, Table F. 

Floating Pipe-Line—The floaters themselves were still in good 
order at the end of this period. They have been renovated and 
repainted each time the dredger was overhauled, but beyond repairs 
to any damage, they have not required much attention. 


prised : 
’ Nine 25-foot lengths. 


The floating pipe-line for a standard length of 2,000 feet com- ; 
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Thirty-six 50-foot lengths. 

Forty-six ball-and-socket joints. 
The total quantity ordered during the period of 5 years amounted 
to about 3,750 feet with ninety-seven ball-and-socket joints, including 
the original supply, and these have been practically all absorbed 
into the pipe-line, and are almost due for replacement. The ball- 
and-socket joints have been broken beyond repair in certain 
instances, which accounts for the higher proportion used. 

As regards the shore pipe-line, the standard length is 3,800 feet, 
or one hundred and fifty pipes in all, but the total quantity obtained 
and absorbed has been 8,400 feet, or three hundred and thirty-six 
pipes, as these pipes suffered a great deal of damage in transport 
from one reclamation area to another. The pipes were 3-inch thick, 
but originally the pipes used for the floating pipe-line were j-inch 
thick at the bottom half and 3-inch thick at the top half; this 
differentiation is, however, a mistake, as the wear is, on the whole, 
evenly distributed at the top and the bottom, and any unevenness 
is best counteracted by turning the pipes around when they are 
overhauled. The latter pipes were built in India, and were butt- 
welded with outside straps, a considerable improvement on the 


original riveted lap-joint pipes, as corrosion invariably took place 


along the joints, and a pipe was destroyed long before it was worn 
out as a whole. The later pipes were usable until they practically 
fell to pieces. : 

The joints of the shore pipes were made practically watertight by 
packing them with rope, held in position in the joint with a clamping- 
ring, but the packing of the ball-and-socket joints of the floating 
pipe-line required a great deal of attention when the pipe-line was 
exposed to wave-action in the open sea. In calm water, however, 
the joints required practically no attention. Koh-i-Noor packing 
was the only material that would stand up satisfactorily to this 
work, although it was very expensive to use and replace. Manilla 


rope was tried to save expense, and would have been satisfactory 


but for the excessive wear and tear it produced on the metal of the 


- pall-and-socket. The operation of breaking and joining-up the 


line in order to insert additional pontoons, came, in time, to be done 
even in rough seas with great expedition, and it was not expected to 
take more than 20 minutes. 

Other items that had to be renewed were the cutter, the cutter- 
frame, and the cutter wearing-blades. Theoretically the cutters 
should not wear out, as their blades are protected by renewable 


_wearing-blades and the bearing is bushed. In practice, six cutters 
were available, and the blades of two of them got broken in an 


accident. The others were kept in reserve, with new blades fitted, 
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as it was often quicker to change the cutter than to renew worn 
blades. Wear took place on the back of the cutter-arms during 
rotation through sand, and in time this became extensive; the 
arms were built up to the full section by electric welding, but this 
was a lengthy operation and could only be done by taking the 


H 
cutter ashore and dismantling it. q 
The cutter had eight arms, and the wearing blades to each arm 


were fitted in 4 sections, known as “A,” “ B,” “C,”’ and“ D ” accord- 
ing to position, section A being at the nose of the cutter. During 
the 4 years the number of blades fitted and used was as follows:— 
Section A TL VS eR eae ees eee 
f B lot. 2 i eee 2 
53 GC DS sacha ae bees 
eee rren oT Sr oe eke 
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It will be seen that the greatest wear took place on the second 
section from the nose. This was due to the angle of the cutter when 
digging into hard material, which was generally encountered at 
from 28 to 35 feet below low water. Three sets of cutter-shafts 
have also been used during the same period. : 

The cutter-frame suffered damage as the work proceeded, in the 
first place from digging through a considerable area of heavy boulders 
which had been tipped for an abandoned railway bank. Afterwards, 
very heavy strains were placed on the frame while the bar was being 
opened on account of hard material, and in seas up to 3 feet in wave- 
height. The first frame, although built up and strengthened from 
time to time, ultimately came into a state of collapse at the end of 
the calm weather season of 1931-32. A new frame, embodying 
certain improvements, was fitted in May, 1932, and is still in use. 
The main improvement was in the fenders, which, instead of being 
on the two sides, are now on the top and bottom of the frame. This 
means that much of the transverse strain brought on to the frame 
when the cutter was working on a hard bottom in heavy weather, is 
now either taken up by the heavily framed fenders or transmitted by 
the fenders to the ship’s sides. Severe strains are also transmitted 
in bad weather to the plates at the head of the well from which the 
_ frame is suspended, and these have had to be renewed and 

strengthened from time to time. . 

The dredger arrived outside the port on the 24th January, 1927, 
and commenced to cut its way into the inner channel across the 
bar on the 7th February. During the first week the spoil was 
hoppered and deposited at sea, but on the 15th February the dredger _ 
broke its propeller against the sides of the cut, and thereafter, from 

the 28th February to the 16th March, the material was pumped ~ 
through a short length of pipe-line. 


NA 


AY ea Fe 


= eee 


ASH AND RATTENBURY ON VIZAGAPATAM HARBOUR. 275 


Rough weather set in on the 16th March and the pipe-line parted. 
Later the ship’s bow anchor-cable parted and the ship went aground. 
The cutter-frame was lowered and snapped in two, making the ship 
more helpless, and it dragged along the shore about 1,000 feet before 
being towed off on the 27th March. The “ Vizagapatam” was 
taken to Calcutta for docking and repairs, and a new frame and 
cutter were fitted on receipt from England. The vessel returned 
to Vizagapatam on the 24th December, 1927, and recommenced 
dredging a way in on the 27th December. Dredging was done at 
first by hoppering and subsequently through a short open pipe- 
line, and the inner channel was entered on the 23rd January, 1928. 

The time for the first attempt was, according to the knowledge of 
the weather that is now available, exceedingly favourable, much 
better, in fact, than the time chosen for the second entry, but the 
sea is always liable to get up badly towards nightfall if a strong wind 
during the day persists through the evening, as is often the case. 
With the bar in existence, the state of the sea would be much worse 
under such circumstances than is now the case, when there is deep 
water. The accident must have been caused by the dredger being 
caught at night in circumstances of this nature. 

The complete record of dredging by the “ Vizagapatam” to the 
31st March, 1934, is in Table II, p. 276. 

The average quantity of material dredged during this period is 
370 tons per working hour, or 603 tons per dredging hour. From 
September, 1930 onwards, a 24-hour working-day, including 
Saturdays and Sundays, has been in force, the engineering staff 
being on three shifts and the deck staff on two shifts, on the watch 
system. A bonus scheme was in force during practically the whole 
time, with most effective results. 

‘The cost of dredging during this period was as shown in Appendix 
VI, Table G (p. 310). 

The original quantity of material im situ was probably about 
141,200,000 cubic feet. The dredging executed to the 31st March, 
1934, amounted, however, to nearly 246,700,000 cubic feet, and the 


- total quantity that will be dredged before construction is completed 


will be in the neighbourhood of 300,000,000 cubic feet. The major 
part of the difference is the quantity of siltation which has taken 
place during the dredging operations. All quantities in this Paper 
are based on the actual in situ soundings. 

The actual dredging operations must next be considered, and the 
nature of the problem understood, both as it first presented itself, 
and also as it developed during progress. The area in which dredging 

was carried out can be divided into three sections, namely :— 
(a) the turning basin and northern dock ; 
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(b) the inner channel; and 
(c) the outer channel through the bar. 

The area included in the first section was originally half-tidal land, 
intersected by various drains up to 4 or 5 feet deep, and discharging © 
to the sea through the entrance channel. Extensive borings showed 
that the material in this section consisted of an upper band of clay, — 


generally from 15 to 20 feet thick, overlying sand which went down 


TABLE II. 
A.—PRELIMINARY WoRKE. 


. Site of Dredgi tity : 

Period. Work | hours | cubie feet. | Remarks. 

7 Feb. 1927 to 16 March 1927. Bar 27 800,000 | Preliminary 
27 Dec. 1927 to 23 Jan. 1928. . 125 1,600,000 


Period. working Pa i mares et: wer t brite 
days. | hours. s a ee dredging - 
‘| hour. 
28 March 1928 to 
«24 March 1929 . 212" | 4,225 33,000,000 7,800 | 14,300 
29 March 1929 to 
5 April 1930. 195 | 5,814 38,500,000 6,600 | 13,600 
6 April 1930 to 11 
April 1931. . 230 | 5,543 34,500,000 5,100 | 10,900 : 
12 April 1931 to 19 
April 1932... 291 | 6,984 43,200,000 6,200 | 10,300 
20 April 1932 to 27 
March 1933. . 246 | 5,745 47,300,000 6,900 | 11,700 ~ 
27 March 1933 to ‘ 
31 March 1934 . 281 | 6,744 50,200,000 7,000 | 10,000 — 


. to rock or rock-overlay at depths exceeding 40 feet below low water. J 
An abandoned railway bund ran right across the turning basin, and ; 
at one point a timber bridge had been built over a drainage channel — 
to let the flood waters out to sea. A series of culverts, made from 
4-foot diameter cast-iron pipes, had been substituted at a later date, 
and the bank had been protected with a large quantity of heavy . 
boulders. This railway bund also crossed the northern dock, and i aa 
drainage bridge on well foundations had been left within the area 
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of the dock. The removal of this bund and the bridges gave a good 
deal of trouble. As much as possible was taken away by hand-and 
by the dipper dredger, but the ‘‘ Vizagapatam ” had to deal with 
the residue, and it was a source of a certain amount of damage to the . 
-cutter frame. 

The dredged spoil was pumped through the pipe-line on to the 
surrounding reclamation areas, which are shown in Fig. 4, Plate 1. 
The endeavour was to keep the pipe-line as short as practicable ; 
T-head connections between the floating and shore pipe-lines were 
erected at various places from time to time, and it was necessary 
to exercise much ingenuity in arranging the pipe-line in order to 
obtain the desired results in an efficient manner. The aim was to 
keep the length of pipe-line below 3,500 feet as a general rule, as 
pumping was much more efficient with a reasonably short line, but - 
this was not always possible and material was occasionally pumped 
through as much as 5,500 feet of line. The normal back-pressure on 
the pumps was from 40 to 45 pounds per square inch, but with a 
great length of pipe-line the pressure has been as much as 60 pounds 
per square inch. This was excessive and always resulted in much 
trouble. It was necessary, for instance, to pump at over 200 
revolutions per minute instead of from 170 to 180 revolutions for 
the shorter line, and even then the output was much reduced. 

The greater proportion of the material actually deposited in the 
reclamation proved to be sand, the percentage being higher than 
was anticipated. The probable reason is that the cutter and pump 
inlet were usually working at levels much below the actual dredged 
level, and as all the bottom material was sand, this was pumped 
ashore, and much of the upper clay simply dropped into the cavity 
made by the suction inlet. The usual practice was for the dredger 
to swing over a 300-foot cut with the cutter as low as possible, namely, 
45 feet below the actual water-level. Dredged levels of about 
36 feet below low water could be expected in this way if the area were 
swept over a second time and with a third sweeping the level could 
be lowered almost down to the cutter level. 

A certain amount of trouble was caused by boulders, but it was 
found better to clear them out of the pump chambers than to use a 
grid on the inlet-end of the suction. Protection at this point 
consisted of two crossbars only, which would stop very large 
boulders. A grid, to be effective for keeping out boulders, gets 
blocked too easily, and frequent stoppages are necessary to clear it, 
whereas the pumps were capable of passing all but the largest 
boulders. The blockages were due to sleepers, pieces of rail, and 
lengths of wire rope, but fortunately, the pumps escaped serious 


damage during the whole period. 


18 
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The second section of the dredging consisted of excavating the inner 
channel from the turning basin to line 2,500 E, which was assumed to 
be the dividing line between the inner and the outer channel. The 
material at the west end of this section consisted of a stiff, red, 
gravelly clay overlying rock, and was somewhat difficult to dredge, 
the difficulty being greatly increased by having to pump a large 
portion of it through 5,500 to 6,000 feet of pipe-line. Also, on the 
bottom layer the cutter was operating on rock-overlay and top rock, 
with the result that frequent renewal of the blades was necessary. 
However, the work was done, although at times the rate of pumping 
did not exceed 300 tons per pumping-hour. The remainder of the 
area consisted of sand down to rock, and was easy to dredge. From 
line 200 W to line 1,000 E rock, averaging 4 feet thick, occurred at 
varying levels, up to 16 feet below L.W.O.S8.T. at a few isolated 
points. This area was roughly cleared by the “ Vizagapatam,” and 
the work subsequently completed by the rock-breaker and by means 
of blasting. A few isolated patches of rock occurred at other points 
in the channel, and the work of rock-dredging will be described later. 

For convenience, most of the material from the inner channel was ~ 
pumped on to the beach, and a more or less permanent section of 
shore pipe-line was laid along the north side of the channel to the 
beach. Five T-head connections for the floating pipe-line were 

constructed at about 500-foot intervals. 

' The work of dredging the turning-basin, the dock and the 
inner channel did not present any very difficult problems, but the 
‘dredging of the outer channel and of the sand trap was by no 
means an easy matter. The outer channel is sited from line 2,500 E 
to about line 6,000 EK, being about 600 feet wide at the outer end. 
The siltation trap is an extension of the section of the channel, 
between roughly 3,400 E to 4,000 E, for a distance of 600 feet to 
the south, and was taken as near to the rocky foreshore as it was 
practicable to dredge. The reasons for this dredging have been given 
elsewhere, and the problem of execution has to be dealt with here. 

The main difficulty was the weather, and the limits of dredging 
weather had to be found out by actual experience. As it was 
probable that the dredging periods would be short, and would 
extend over several years, and as siltation would occur between 
each period, it was not thought desirable to commence work on the 
outer channel until the inside work was sufficiently far advanced to 

make it likely that the two sections would be completed together. ; 
- The quay-wall was ready for use in 1929, and the inside dredging — 
was far enough advanced by August, 1930, to enable the quay to be 
brought into use for the purposes of trade provided that a channel — 
through the bar for tugs and lighters could be dredged and main- 
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tained. The traffic of the port had up till then been carried on from 
the area on the north side of the inner channel, and as it was very 
desirable, for constructional reasons, to transfer this traffic to the 
new quay-wall, the first attempt to open a channel through the bar 
was made in September, 1930. It proved an exceedingly difficult 
matter, but it was successfully executed and the traffic of the port 
was transferred in November, 1930. The channel has been kept 
open ever since except for a short period of 2 months during July 
and August, 1931. 

With the knowledge of the conditions which has been since 
gained no attempt to cut through the bar would have been made 
until towards the end of January. The dredger was frequently 
working in 5-foot waves, and the strain on the frame was very heavy. 
It was a question of dredging for a few days at the crest of the bar, 
being driven back by the weather, and then going out again. Finally, 
when, in November, 1930, the crest had been passed and a depth of 
about 12 feet below low water had been obtained, a storm drove the 
dredger in, but at the same time improved the depth by 2 or 3 feet 
and established the preliminary channel. At the next attempt to 
improve the channel, the frame broke down and the “ Vizagapatam ” 
had to be docked for the reconstruction of the frame. The channel 
maintained itself during the period of overhaul, and it was possible 
to do some very effective dredging in the outer channel from January 
to March, 1931. 

Besides its practical function of bringing the new harbour into use, 
this preliminary channel provided information of a valuable nature 


for subsequent operations. It established the fact that construc- 


tional dredging, at any rate, was only practicable in the outer area 
from the end of January to the end of April. The material was 
heavy sand, but at depths of from 30 to 40 feet below low water, 
sections were very nearly of the nature of rock... The strain on 
the cutter frame in heavy weather, when attempting to break up 
this material, was too great, but fortunately this solid material 
eventually turned out to be in layers, and in most cases it was 


_ practicable to undercut it. Further experience with the weather 


showed that the sea would be too rough, even for maintenance 
dredging in the softer siltation material, except between January 
and April. There might be short periods at other times of the 
year, but they occurred too irregularly for any dependence to be 
placed upon them. . 

It was possible to dredge in seas with wave-heights up to a 
maximum of 4 or 5 feet, but this height was usually exceeded 


at Vizagapatam except during the fine weather season ; this lasted 
from January until April. Pipe-line work was impossible in rough 


” 


980 ASH AND RATTENBURY ON VIZAGAPATAM HARBOUR. 


weather, and hopper work precarious. The preliminary channel 
also enabled an analysis of the annual siltation in the outer 
channel to be attempted. It was found that this was not serious 
except during the south-west monsoon from May to September. 
During that period, however, it amounted to from 800,000 to 
1,000,000. tons along the shore from the south, in a narrow belt 
some 300 feet wide. As much as 160,000 tons was measured during 
a storm of from 7 to 10 days’ duration, but the fact that it took the 
form of a concentrated narrow stream of sand, right across the 
channel, was of even greater importance. 

It was decided to form a trap-area to the south of the channel, 
and a breakwater south of that in order to create a relative calm 
area over the trap, so as to deposit the sand before it reached the 
channel. 

The actual dredging of the outer channel and trap was carried 
out in three seasons :— 


a 


tity : 1 
Work. Date. Quatiton || Dredging 


cubic feet.| BOUrS- 
1. Preliminary channel. . . 30 June 1930 to 
31 March 1931. 20 1,676 
2. Improvement of channel 
and partoftrap . . . 26 Jan. 1932 to 
22 April 1932. 24 1,941 — 


‘8. Full channel and most of 
chee oe ease S 2 Jan. 1933 to 


26 May 1933. 283 2,236 


_ As far out as about 4,000 feet E, the dredger worked outwards 
' with the pipe-line connected to the shore, and discharged on to the 
northern beach. Beyond this point, the vessel was turned round 
and dredged inwards, with the pipe-line discharging into the sea 
on the north side of the channel. Open pipe-line work in this_ 
exposed position was only practicable, owing to weather conditions, 
from the middle of February to the middle of March. It was very 
effective while in operation, as the output was practically doubled. 
Pipe-line troubles were considerable, as even in calm weather 2 
2-foot swell was the minimum experienced ; short choppy waves 
did the most damage to the pipe-line and long smooth swells caused 
most trouble with the cutter frame. : 
In the calm weather season of 1931-32, the frame was the main 
source of trouble, owing to the hard material that had to be dredged. : 
with the ship rolling in the heavy sea; ultimately, in April, 1932, a 
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the frame broke down completely, which brought the season to an 
end. In the calm-weather season of 1933 conditions were much 
easier. The frame was practically new, most of the bad ground 
had been broken up the previous year, and the ships forming the 
breakwater were in position and gave shelter to the trap dredging. 

The length of floating pipe-line which was operated when pumping 
into the sea varied from 1,000 to 2,000 feet, the latter length being 
about as much as could be managed. The ball-and-socket joints had 
a working angle of 18 degrees and the pontoons were connected by 
springs on either side. At first, preventer-wires were fitted as an 
extra precaution, but they proved to be a serious source of danger 
when a break-up occurred. With a choppy sea, these breaks-up 
were apt to occur when pumping stopped to enable the ball-and- 
socket joints to be packed, as the bolts would break and some of 
the joints fall right out. The only thing to do, under these circum- 
stances, was to disconnect the pipe-line and tow it into calm water. 
The line was apt to get entangled with the preventer-wires before 
they could be unfastened, and the spring-brackets were apt to work 
loose, and so let water into the floaters. In bad breaks-up, a few 
of these floaters used to become waterlogged almost to the point 
of sinking, thus adding to the general difficulty. The extent of 
channel and trap available at the end of each period of calm-weather 
dredging during 1931, 1932, and 1934, is shown in Figs. 7, Plate 2. 

During the south-west monsoon periods, from May to October 
in 1931, 1932, and 1933, maintenance of the outer channel was 
combined with as much inside dredging as could be accomplished. 
In 1931, the channel was lost for the use of tugs and lighters during 
July and August, but it was re-opened in September. In 1932 a 
larger and deeper channel, with a portion of the sand trap, had 
been completed, and it was kept open for the full width down to 
25 feet below low water, but above that depth it was lost during 
bad weather, and regained in the intervening calm weather. In 
1933, with a larger trap, greater depth, and the protection from the 
breakwater, the full depth of 30 feet below low water was main- 
tained throughout. 

Dredging in the early part of 1933 was mainly concentrated on 
improving the outer channel, on removing the siltation deposited 
in the sand trap during the previous south-west monsoon, and in 
extending the sand trap. During the monsoon season, from June 
to October, 1933, a considerable amount of dredging was done in 


the sand trap, drift material being removed as it was being deposited 
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by the rough weather. For this purpose, a flexible nozzle was 
provided to the suction in place of the cutter end, and this accessory 
enabled hopper-dredging to be carried on even with waves up to 
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about 6 feet in height. The protection afforded to the dredger by 
the breakwater while working in the sand-trap area was considerable, 
and it was ascertained by experience that there will be no great 
difficulty in keeping the deposit over this area within reasonable 
limits during the rough-weather period. 

In future years there will be the added difficulty of interruption 
to dredging from shipping traffic, and in all probability all main- 
tenance work will have to be hoppered, so that the maintenance 
problem is not likely to be easy until such times as the purchase of a 
much larger hopper-dredger can be contemplated. 

A brief reference may be made to the rock-dredging operations. 
The quantity of rock to be dredged was estimated at about 600,000 
cubic feet, and it occurred mostly in an area which was designated 
the “rock bar’ in the entrance channel, from 1,000 E to about 
200 W. There was also an isolated ridge projecting from the south 
side just at the junction of the entrance channel and the turning 
basin, and in one or two other small areas in the channel. 

This rock occurred in a sort of ridge-and-furrow formation, and 
was difficult, in the first instance, to break with the rock-breaker 
chisel, so most of the first layer was removed by blasting a series of 
craters by means of 40-pound charges of gelignite laid in prepared 
holes on the surface. After this had been cleared, further breaking 
was done by the 8-ton chisel of the rock-breaker. Generally speaking, 
3 feet of penetration could be obtained with from fifteen to twenty 
blows of the chisel. A limit to the number of blows is essential, and 
the rule was laid down that not more than twenty blows with the 
chisel were to be given at any one spot. The holes were sited at 
intervals of 3 feet 4 inches, and the breaker could cover a length of 
20 feet, and form six holes, before moving forward another 3 feet 
4 inches for the next series of holes. The rock was a sedimentary 
gneiss, very hard in places, but variable over the whole area. 

The broken rock was dredged either by means of a 1-cubic-yard 
dipper-dredger or by grabbing. The plant was not particularly 
efficient, but the quantity did not appear to be great enough to 
warrant the purchase of expensive equipment. A bare depth of 
28 feet below low water was excavated for the initial stage of the 
work, and it is anticipated that the plant will continue to work 
during the next few years, with a view to increasing this depth by 
another 3 or 4 feet. 

The 23-cubic-yard Marion dragline, working at 90 feet radius, was. 
used at first for dredging the shore along the entrance channel, and 
later it was employed on subsidiary work. The spoil was dumped 
into broad gauge wagons, and deposited from them by hand, either 
on the reclamation areas, or for railway bunds. : 
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While the dragline was working on the entrance channel, the 
record of its work was as follows :— 


Period. Hours. Quantity. eae 
8 Oct. 1929 to 8 Jan. 1932 . . | 5,5714 | 9,655,800 cubic | 1,733 cubic feet 
feet. or 91 tons. 


The working costs per 1,000 cubic feet were as in Table III. 


TasBLeE III. 
ee a ee ee, 
Headings and sub-headings. Cost. eh 
cubic feet. 
a Se 
Operating — Rs. Rs. As. 
; (Ci SIAR © SG RE cco ae Ca CC 35,719 3-11 
(2) Stores :— 
; (a) Coal <a Soe Sy Pena ee eee 40,181 4— 2 
L Dio ie ee 11,659 1-3 
(c) Miscellaneous . . Mat oe cee 21,543 2-4 
4 Banking, Track and nations Pager aye 105,908 10-15 
Transportation :— 
Pe bradic Stalin i) @ kr agiee we ciee 11,883 14 
(2yePermanent:way = 2 0.9% 6 88 11,697 1-3 
_ (3) Wagon repairs . . rod HORM. cen 57,448 5-15 
(4) B.-N.R. Engines and Vans Mee toi sees) eS 45,788 4-12 
Unloading of material . - - - - + + + 82,074 8- 8 
Overhaul ig ey genes Bem emeunti Re ar tat’ 2 foes 15,819 1-12 
Wetaleosh es ewe ee ees? ce gs | 28.4087 19 
P (£58,700) 
- Total quantity... « - » + - =. > 9,655,800 
; cubic feet 
5 Rate per 1,000 cubic feet. . - - - 45-9 45- 9 


el 


Generally the dragline was working on a bank at a level 12 feet 

above low water and could excavate to a depth of 28 feet below low 
water. It was the practice to “ throw” the bucket so that the 
excavation could reach a distance of about 110 feet from the dragline. 
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PROTECTIVE WORKS. 


In the original scheme, provision was made for the construction 
of two mound breakwaters, one on either side of the outer channel, 
and extending into deep water. Later, it was decided to defer the 
construction of these moles until after the dredging of the channel 
had been accomplished and experience had been gained in maintain- 
ing and using the channel. The nature of the movement of the 
sand along the foreshore was at that time almost unknown, and the 
anticipated magnitude eventually proved to have been greatly 
underestimated. 

It was only after a preliminary channel had been cut through the 
bar in the calm season of 1930-1931 that a means of measuring the 
direction and extent of the foreshore sand-movement was available. 
It then became evident that the sand-movement came from the — 
south, and was of the order of a million tons per annum. This 
movement. occurred mainly during the period of the south-west 
monsoon, from June to September, and the sand was deposited, 
during four or five spells of rough weather, within about 300 feet 
of the low-water line. When the movement reached the channel, it 
cut clean across in a comparatively narrow band, and it was evident — 
that only a few days of a monsoon-storm would be required to block 
the channel against ships. 

The harbour could not be opened to shipping until this action of 
the sea had been countered, and there was satisfactory proof that 
the sand-movement was due to wave-action on the foreshore beach 
and only took place in a material quantity during bad weather. 
Accordingly, the protective measures decided upon were an island 
breakwater well to the south of the channel, and a sand trap between 
the breakwater and the channel. The opening between the island 
breakwater and the foreshore was provided with a view to letting 
the drifting sand through into the sand trap. Its width was a 
matter of judgment and may require modifications; the opening 
was kept on the large side, as it is a comparatively easy matter to 
reduce it later if required. The scheme was that the protection of 
the breakwater would reduce the height and force of the waves in 
the protected area, and thus result in the sand depositing for the 
most part, at any rate, in the sand trap, instead of going across the 
channel. The annual quantity of dredging required will remain 
the same, but it can be done in suitable weather and outside the 
entrance channel. 

The scheme was elastic and was easily modified to suit the actual 
circumstances which its construction would bring into being. Its 
success is a question of degree; it has already proved reasonably 
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effective, but a few years’ experience will be necessary before the 
work can be looked upon as being complete. 

The site of the breakwater is comparatively shallow, varying from 
18 to 25 feet below low water, the bed, which was examined by a 
diver, being firm clear sand. In 1932, when the design was under 
consideration, there was a great shipping slump, and tramp ships of — 
20 years of age were to be purchased at scrap-prices. Construction 
in such an exposed island site could only be contemplated during 
the calm-weather season from January to April; this was a very 
short time in which to construct a breakwater 1,000 feet in length, 
as it was desirable to have the breakwater in existence in the same 
season as the work was commenced. 

Two tramp ships of standard design would be sufficient to provide 
the length necessary, as a certain length would have to be left for 
end protection and for a space between the two ships. Once sunk 
in position, the breakwater would be in being, and the ships them- 
selves would provide an excellent staging for the simultaneous 
deposit of stone along the whole length of the breakwater. It was 
therefore decided to purchase two suitable ships, sink them in situ 
and place stone in and around them as far as was considered 
necessary. 

_ The two ships purchased were the S.8. “ Willesden ” and “ Janus,” 
and some important particulars of these vessels are included in 
Appendix VII: 

They were sited stern to stern, their bows forming the two ends 
of the breakwater, and the “ Janus,” being the lighter draught ship, 
was sunk in the shallower part of the site, nearer the shore. Hach 
ship settled about 3 feet into the sand, most of the settlement taking 
place during the first three weeks. The two ships arrived at Vizaga- 
patam on light draught in November, 1932, and were taken alongside 
the wharves and prepared for scuttling. 

The work of preparation consisted of— 

1. Burning out the upper plates of the double bottoms and 
filling the double bottoms with sand. 

2. Fitting eight 12-inch scuttling-valves on the sills of the 
main holds of each ship. It was calculated these were 
sufficient to sink the ships in 20 minutes, and the dis- 
tribution was such as to ensure effective control of the 
inflow of the scuttling water. 

3. Filling the fore and aft tanks with concrete. 

4, Distributing stone in the bilges and holds so as to bring the 
ships to the desired manipulating draught. ’ 

5. Building a concrete wall on what would eventually be the 
seaward side of each ship, from the lower deck to the 
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upper deck. When the ships were sunk in position, the 
lower deck was for the most part a little below the low- 
water level. 

6. As it was desired to retain the use of the ships’ derricks to 
deposit stone at the site, the provision of steam had to 
be considered. The ships were to be taken out with 
their own engines, but after scuttling the main boilers — : 
and engines would be under water. The “ Willesden” 
had a donkey boiler situated on the middle deck which } 
supplied steam to the winches, and as this was expected 
to be above high water after scuttling, certain alterations 
to the steam pipes only were required. The donkey 
boiler of the “‘ Janus,”’ however, was fixed on the double : 
bottom of the ship. To move it would have been a : 
difficult and lengthy job, so a Cochran boiler of sufficient . 
power was purchased, and erected on the upper deck, ; 
steam pipes being laid therefrom to the derrick winches. 

7. Additional provision had to be made for the deposit of heavy 
stone. The ship’s derricks were old and could only be } 
relied upon to deal with individual stones up to 3 tons 
in weight. A 10-ton derrick crane was therefore provided 
on the stern of the “‘ Willesden,” namely, at the centre of 
the breakwater. It has a radius of 60 feet, and a wharf 
under this crane, on the lee side of the ships, has been 
embodied in the design of the breakwater, as an essential 
feature both for construction and future maintenance. 

Two 10-ton derricks were fixed, one at the bow of each 
boat, to place heavy stones at the ends of the breakwater, 
where sea-action was anticipated to be most destructive. 
A railway has been laid the whole length of the break- 
water for the transport of stones up to 8 tons in weight 
from the centre crane to the two end cranes. Heavy 
stone was also deposited on the decks on the weather 
side of the ships by means of the centre crane. This 
was drawn along the decks by the derrick winches 
and rolled over the side wherever it was required, to 
form the upper protective crest of the weather side of 
the breakwater. The centre crane was also used to 
deposit a large quantity of heavy stone on the weather 
side within its radius of action, that is, for a length 
of about 150 feet. Besides forming a protective face 
for the breakwater, this section was built up as a high 
mound opposite the crane as protection for the crane 
itself against wave action. 
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Scuttling —The draught of the ships for scuttling depended partly 
on, the depth of water in which they were to be sunk and partly on 
the ruling depth of water available in the channel. The latter was 
at the time 22 feet at low water, and this was the limiting factor 
for the draught of the “ Willesden,’’ the ship at the outer end of the 
breakwater. 

The general arrangements for scuttling the first ship, the “ Janus,” 
were as follows : 

Nine moorings were laid as shown in Fig. 8, Plate 3:— 
Three at the stern, attached to anchors. 
Two at the quarter, attached to anchors. 
Two at the bow, attached one to an anchor and one to a shore 
bollard. 
Two at the head, attached to shore bollards. 

The vessel went out under her own steam with two tugs attached, 
one fore and one aft. She was assisted by the tugs to her position 
for taking up moorings, about 400 feet to seaward of the scuttling 
site. The moorings were then picked up and the vessel slowly hove 
into her final position, steam from the main boilers being let off at 
the same time. When she was in position, the valves to the stern 
holds were opened with a view to the vessel first grounding at the 
stern. When it was certain that the stern was bearing, the stern 
valves were half closed and the forward valves fully opened. The 
operation was quite successful, but the ship moved bodily over 
about 15 feet as she was grounding. When the “ Willesden” was 
scuttled a certain allowance was made for this movement, which, 
however, did not take place. The alignment of the two vessels is 
consequently not perfect, but in the completed work the error is not 
noticeable except by careful observation, and in any case it is of no 
practical importance. 

The tentative date fixed for scuttling the “Janus” was the 
27th December, 1932, but the conjunction of favourable weather and 
tide did not take place until the 4th January, 1933, the date on 
which the scuttling was successfully effected. Arrangements had 
been made for stone-filling to commence immediately the ship was 
sunk and this proceeded without ceasing from that date until well on 
into the monsoon. The “ Willesden” was successfully scuttled on 
the 12th January, 1933. 

Both ships broke their backs after scuttling ; the break took place © 
in the “ Willesden” a few days after sinking, but in the “ Janus,” 
the crack occurred some 6 weeks later. The position of the cracks 
was roughly in the centre of the hulls, near the engine-room. 

Quarrying.—Before describing the operations of depositing the 


stone on the site of the breakwater, it will be as well at this juncture 
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to refer to the provisions made for supplying the stone required in 
its construction. , 

Quarrying was actually started in July, 1932, before a decision 
had been made as to whether ships were to be utilized in the con- 
struction of the breakwater, as the alternative design was for a stone 
mound, and a considerable quantity of stone had to be ready for use 
before the commencement of the calm-weather season in 1933. 

The cross section of the breakwater shown in Fig. 9, Plate 3, 
indicates how the various classes of stone arising from the quarrying 
operations were utilized. It was laid down that a minimum of 
75,000 tons of stone of all sizes was to be deposited in the first 
season’s work, but as much more would be done as proved practicable. 
In point of fact it proved feasible to continue depositing stone 
during the southwest monsoon, and nearly 170,000 tons was placed 
in position before the end of June, 1933. 

Two main quarries were chosen, one at Durga Hill, and the other 
at Galli Hill. The former is situated beside Ross Hill, by the entrance 
channel, but the latter is 3 miles to the north of the harbour. __ 

The Durga Hill quarry is very conveniently situated for stacking, 
transporting, and loading stone into lighters. The hill-side had a 
total length parallel with the entrance channel of about 2,000 feet, 
and about half the face proved to be of good stone suitable for 
quarrying. The stone is a heavy metamorphosed sedimentary stone 
or gneiss, weighing about 175 pounds per cubic foot, representing 
about 124 cubic feet per ton. From a preliminary inspection, it was 
not expected to obtain any stones exceeding 3 tons in weight, but 
on opening up the quarry, however, it was soon evident that a larger 
quantity of stone of this size would be available than was at first 
expected, and when blasting operations were carried out, blocks 
weighing up to 15 or 20 tons were actually blasted out. 

Stone from this quarry was stacked according to the methods of 
handling. 

The categories were as follows :— 

“ A”’—Quarry refuse up to 5 lbs.—carried in baskets. 

“ B”’—Stone 5 Ibs. to 2 cwts.—hand-carried. . 

“C”—2 ewts. to 12 cwts.—manhandled by rolling or carrying 
by means of a rope sling and pole. © ad 

“D ”—12 ewts. to 3 tons—handled by cranes. 

“ E ”’—3 tons to 5 tons 

“F”’—5 tons to 7 tons 

“G@”— Over 7 tons 5 _ 

The last three categories were added later, as it became evident 
that stone blocks of greater size would be available. The bulk of 
the stones up to 3 tons individual weight came from this quarry. 
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The second quarry was at Galli Hill, and involved rail transport 
for about 3 miles from the quarry to the jetty. It was opened up 
because inspection showed that large boulders, of even up to 20 tons 
or more individual weight, could be obtained there. The stone in 
this quarry is a dense trap and weighs about 190 pounds per cubic 
foot, or 114 cubic feet per ton, and is therefore particularly suited 
to resist the effect of wave-action. The size of the blocks actually 
transported was limited to 8 tons, as this was about the safe limit 
for the centre crane on the breakwater. 

The large boulders were cut down to this size by driving in rows 
of wedges, which generally resulted in the stones splitting with 
straight faces. 

The plant employed on the two quarries was as follows :— 

- Galli Hill Quarry.— 

(a) One 40-ton breakdown railway crane on hire from the 
Bengal-Nagpur Railway. This was used for dragging 
big blocks from the quarry-face and loading all blocks 
over 5 tons individual weight into the wagons. 

(b) Two travelling cranes lifting 3 tons at a radius of 30 feet, 
one of them also capable of lifting 8 tons at 16 feet. 

These cranes were used for dragging and loading blocks 
under 5 tons in weight. 

(c) Broad-gauge railway track, and trucks and haulage as 
necessary. 

The contract at Galli Hill provided for paying only for individual 
stones weighing above 14 tons each. The loading wharf for the Galli 
Hill stone was on the Southern Lighter canal shown in Fig. 4, 
Plate 1, and stone pitching was laid and rolled to form a reserve 
dump for the stone, two timber jetties were constructed alongside, 
and broad-gauge railway track laid as shown. A 24-cubic-yard 
dragline, with a 90-foot-radius jib, was available at the time, and 
was utilized as a crane for loading the stone into lighters. It was 
capable of lifting stones up to 13 tons individual weight. ; 

Durga Hill Quarry —Broad-gauge lines were already available 
along the whole face of this area, which was at one time the old 
port of Vizagapatam.. Three 3-ton travelling cranes, the largest of 
which could also lift 5 tons at a radius of 20 feet, were in use on the 
quarry face for most of the time. Twelve timber jetties were 
erected at intervals along the channel for the purpose of loading 
stone into lighters, most of the loading being done by hand. A 
15-ton derrick crane, with a jib-radius of 80 feet, was placed opposite 
two of the jetties for loading the heavy stones. A subsidiary quarry 
for “ C.” class stone was also operated at Soonametta on the western 


side of the harbour, and connected by narrow-gauge “jubilee ’”’ track 
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to four loading jetties in the diversion channel. Transport and 
loading in this case were entirely by hand ; the stone was gneiss, 
like that from Durga Hill, but of very good quality. 

The most interesting quarrying operation was a mine blast at 
Durga Hill which brought down 5,250 tons of material in all. A 
suitable face was chosen and a heading driven in at right angles: 
along one of the main fissures. When it had reached a length of 
20 feet, two shafts were driven at right angles to it, one in either 
direction, parallel to the quarry-face and inclined slightly upwards, 
to selected positions for the mine chambers. Blasting powder was 
used, 700 pounds in one chamber and 1,000 pounds in the other, 
the powder being packed in a wooden box wrapped around with felt. 
The walls of each chamber were plastered to get the full effect of the 
explosion, and after the powder was placed, the headings were built 
up with alternate masonry and moorum (clay filling) sections right 
out to the face of the quarry. The mines were exploded electrically, 
' the wiring being in duplicate and a line of safety fuse being laid in 
addition, as an extra precaution. The positions of the headings and 
nearby objects are shown in Fig. 10. The 15-ton crane was some- 
what near the site of the blast, but its foundations were on a sand 
bed, so that undue vibration from the blast was not to be antici- 
pated. As a precaution against hits from flying stone, the jib was 
lowered on to sleepers, the boiler emptied and packed up from the 
ground with sand bags, and a rake of wagons loaded with stone 
was placed on the line between the blast and the crane. 

The mine exploded at the first trial with a dull sound, and a thick 
black smoke cloud obscured everything for a time. Most of the 
stone fell forward, the upper part of the face slipping down, small 
stone being projected as far as 1,000 feet from the face in the direct 
line of fire, and two of the trucks being pierced by stones weighing 
about 4 ton apiece, but no other damage was done, although in- 
dividual blocks up to 20 tons in weight were thrown down. The 
first mine was so successful that this method was adopted almost 
entirely for the remainder of the quarrying at Durga Hill. The 
largest individual stone thrown down by one of the later mine-blasts 
weighed 72 tons. Transportation to the site of the breakwater 
was carried out by means of various types of barges. 

A contract was placed for loading the stone from stacks into lighters 
and unloading the lighters in various ways at the site. The contractor 
supplied twelve timber lighters of from 40 to 50 tons capacity, and 
the harbour company supplied in addition, four bottom-door hopper 
barges of 120 tons capacity, four dumb barges of about 60 tons 
capacity, two timber deck barges of 20/25 tons capacity, and a 
300-ton bottom-door hopper-barge built specially for discharging 
large stone. - : 
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barges and unloaded by hand at the site. Stones in “ D”’ class were 
loaded by crane at the quarry face into tipping trays on the trucks. 
These trays had a capacity of 10 tons and were lifted by a 4-hook 
sling. A tipping sling on the two back rings was also provided. 
The trays were dispatched from the quarry to the loading derrick, 
placed on deck-lighters and unloaded and tipped, as required at the 
site, by one of the 10-ton derrick cranes situated at the middle and 
two ends of the breakwater. A certain quantity of “B” and “C” 
stone was handled in the same way, but in this case the trays were 
loaded by hand. 

The larger stones in “ E,” “ F,” and “ G” categories were lifted 
individually on to deck-lighters and sent out with their slings 
attached. The centre crane at the breakwater lifted and placed 
these, and returned the slings with the barge. By the time these 
large stones were being deposited the lighter-berths at the two ends 
of the breakwater were unusable owing to the rough weather. 
A railway had been laid from one end of the breakwater to the other, 
and the big stones were loaded on to a truck by the centre crane, 
the truck being then drawn along the railway to either one end or 
the other by the ships’ winches, and tipped overboard by means of 
the end cranes. The practice of sending the stones out with their 
_ slings still attached saved a lot of time and labour at the site. 

Stones in “‘ E”’ class were also deposited on the weather side of 
the ships’ decks by the centre crane, and were then drawn along 
by the ships’ winches and cast overboard, where required, by a clever 
manipulation of the winch-wire. Some 3,000 tons of large stone 
was deposited all along the weather side of the two ships in this 
way, to form the upper covering of the mound. Class “D” stone 
was also handled over the ship in individual blocks from lighters by 
the ships’ derricks, and in this case the lighters were loaded by 
emptying the trays of “ D”’ stone on to their decks at the loading 
wharf. 

The 300-ton bottom-door hopper-barge was specially designed for 
the job, and also with a view to subsequently using it for dredging 
purposes. It is a rock barge with 8 vertical-sided hoppers, and the 
_ doors are hinged across the beam of the boat. The dimensions of 

the bottom of the hopper are 13 feet by 8 feet, and stones up to 5 tons 
individual weight can be discharged without difficulty. Above 
that size, however, the stones were apt to jam each other in the 
hopper, but were released without much trouble by pulling them 
with a winch, although occasionally a delay of about an hour was 
caused. The loaded draught was 5 feet, and the doors, when open, 
did not project below the bottom. The barge was fitted with 
Lobnitz steam operating-gear, and was a very satisfactory craft, 
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the overall dimensions of the hopper being 88 feet by 13 feet. Later, 
10-ton grab-dredging cranes were fitted for maintenance work in 
the harbour. This barge was used for depositing “ B,” “C,” “ D,” 
and “‘ E”’ category stones all round the ships, generally on the lee 
of the bank. It carried 350 tons of “ B”’ or “‘C” category stones, 
but with “D” and “E” stones, the quantity was limited to 300 
tons in order to avoid the tendency to jamming which was greater 
when the hoppers were heavily loaded. Stones in “B” and “C” 
categories were loaded by hand, and frequently two cargoes were 
loaded and discharged per day by this means, the labour being 
employed on two shifts. The heavier “C” class stones were 
carried by sling and pole on the shoulders of a number of coolies, 
individual stones weighing up to 15 cwts. being carried by about 
sixteen coolies. This type of stone was at first difficult to handle 
from the small lighters at the breakwater. Individually, it was too 
small to lift by the derricks and too big to lift by hand into derrick- 
tubs. The lighters were about 7 feet deep inside their holds and, 
when unloading on the weather side with a fairly heavy sea, the 
coolies could not handle the stone up ramps and over the side. In 
fact, it took more than 2 days to unload a single lighter of from 40 
to 50 tons capacity in this way. 

The remedy was to fill the hold to within 2 feet of deck-level with 
ashes, thus reducing the stone capacity to about 25 tons. There 
was then no difficulty in unloading the largest stone of say 15 cwts., 
and frequently a single lighter was loaded and unloaded three times 
per day, and as much as 800 tons deposited from the twelve lighters 
in a single day. Some of the methods of unloading at the site have 


been described already, but they are summarized below as the 


variety was considerable and assisted greatly in the rapid progress 
that was made. 
(a) “B” stone taken by hand from the lighters into the holds 
through openings in the ship’s sides. 
(b) “B” and “C” stone taken by derrick tubs and tipped 
from the top deck into the holds. 
(c) “ B” stone taken by derrick tubs over the ships. 
(d) “B” and “C” stone taken by hand over the side of the 
lighters. 
(e) “ B” stone loaded in 10-ton trays, and taken by the crane 
over the ship’s side. 
(f) “D” stone dealt with individually by the ships’ derricks. 
(g) ““D” stone taken in trays by the cranes at the centre and 
ends of the ships. 
hte Bitice Opce GoD “teende E”’ stone dumped from the 300-ton 
hopper-barge. 


994. ASH AND RATTENBURY ON VIZAGAPATAM HARBOUR. 


(i) “ B” stone dumped from the 120-ton hopper-barges. 

(j) “EB” stone lifted individually by the centre crane and 
dumped on the weather side of the breakwater. 

(k) “E” stone lifted individually by the centre crane on to the 
deck, drawn along the weather side of the ships and 
dumped overboard by the ships’ winches. 

(l) “ E,” “¥F,”’ and “ G” stone lifted individually by the centre 
crane on to a truck, drawn on the railway to the end 
cranes by the ships’ winches, and tipped overboard by 
the end cranes. 

The best day’s deposit, using all the means available, was 3,363 

-tons, and the best week’s work was 16,000 tons. Up to the end of 
June, 1933, the amount tipped was about 175,000 tons, or about 
1,100 tons per day on the average. 

A typical cross-section of the breakwater is shown in Fig. 9, 
Plate 3, and a study of this, and of the plan in Figs. 11, Plate 3, 
will show the lines on which the stones were deposited. Broadly 
speaking, the insides of the ships were filled with “B” stone up to the 
level of the middle deck, except that the lee-side stone sloped from 
the hatch-side to the side of the ships. On the lee-side of the ships, 
“B” and “ C” class stones were used more or less indiscriminately 
for a width of 30 feet up to a level of 9 feet below low water, this 
limit being kept to ensure that berths for barges could be retained 
under the shelter of the ships. Later on, spurs at higher levels, and — 
at the ends of the ships, were deposited in heavier stone for protec- 
tion purposes. On the weather-side of the ships, “ B” stone was 

_ deposited for a width of about 80 feet to a level of 18 feet below 
low water, and ‘‘C” stone over this up to a level of about 10 feet 
below low water. The rest of the mound was made up in “D” 
stone with an upper protection of “E”’ stone whenever it was 
practicable to obtain it. The bow of the “ Willesden” was built up 
with about 1,500 tons of “F” and “G@” stones, averaging about 
7 tons individual weight. 

The first storm occurred during the first week in June, 1933, with 
measured wave-heights up to 14 feet from crest to trough. At that 
time the bow of the “ Willesden ’’ was protected by a small amount 
of “D” stone, up to 3 tons individual blocks, and as far as could 
be ascertained, there was no movement of stone whatever along the 
weather side of either ship, but the bow of the “ Willesden ” suffered 
from a scouring action and the “D” stone fell to the water-level. 
Except at the centre crane, practically no stone above 3 tons 
individual weight had been deposited, and it was estimated that the 
total movement of stone during the storm did not amount to more 
than 40 tons. During June, the upper protection of “ E” and “F” 


WEATHER SIDE OF BREAKWATER, BEFORE STORM. 


Fig. 13. 
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stones at the ends and along the weather side was completed as far 
as could be done that season. 

The storm which followed was a typical monsoon storm, waves 
breaking over the decks to a height of approximately 18 feet above 
low-water. It appears, therefore, that the protection provided will 
be ample for all ordinary storms, and even with a cyclone it is hoped 
that the movement of stone will be local, and that the mound will 
be capable of being rebuilt with heavy stone without undue difficulty. 
The great density of the trap blocks from Galli Hill quarry is an 
advantage for this type of work, and it is calculated that a 7-ton 
block of this stone is equivalent, in wave-resisting inertia, to a 


. ~ 30-ton block of concrete. 


The blocking up of the space between the two ships was a minor 
operation, but was of some interest. Stone had been deposited to a 
limited extent on the weather side, but it was not practicable to go 
very far with this for fear of fouling the important wharf on the lee 
side under the centre crane. There was a steel house which had to 
be removed from the after deck of the “ Janus,” so it was decided 
to place it on the weather side against the opening between the 
ships, and to fill it up with concrete. The quantity required 
amounted to 150 tons, and although it was mixed and placed by 
hand, it was deposited in one day. The spaces between the inclined 
sides of the ships and the block were then filled in with further con- 
crete between bagwork walls. With this dam in position, it was 
practicable to pile up stone on the weather side to any desired height 
without endangering the lee-side berth. 

A cyclonic storm passed within 100 miles of Vizagapatam during 
November, 1933, and a very heavy sea was experienced at the port, 
it being estimated that the waves reached a height of from 25 to 30 
feet from crest to trough, with a length of 300 feet. The direction 
was somewhat north of east, and the parallel component along the 
outer face of the breakwater towards the shore probably had a 
considerable undermining effect. A large quantity of stone was 
drawn down from the face of the ships, as may be seen from an . 
inspection of the photographs in Figs. 12 and 13, taken before and 
after the storm, but other damage was of a minor nature. 

The general lowering of the stone on the outer face facilitated the 
work of the season from February to May, 1934, the purpose of which 
was to consolidate and increase the heavy stone protection all along 
the weather side of the breakwater. By the end of May, 1934, over 
21,800 tons of “ E” and “ F” stone, in blocks of from 4 to 8 tons 
individual weight, had been placed, and the sections of the breakwater 
shown in Figs. 14, Plate 3, had been attained. With this consolida- 


tion, and previous experience, the bad weather at the end of the 
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year 1934 was faced with a reasonable assurance that damage of 
great importance was not likely to occur. Some technical data of 
the loading of the ships are shown in Figs. 15, Plate 3. 

However, it is proposed to accumulate on the shore a stock of about 
10,000 tons of heavy stone blocks of from 4 to 8 tons weight, to be 
available to make good any slips or loss which may be experienced 
during the stormy season. 

Some details of the costs and rates of the work are included in 
Appendix VIII. 


PROBLEMS AT OPENING OF PorT. 


The first ship to enter the Port was the 8.8. “ Jaladurga,” on — 
the 7th October, 1933, and this vessel was followed by other ships. 
Difficulties were encountered in manceuvring the larger ships, partly 
owing to the inexperience of the pilots, and partly to the confined 
areas available for manceuvring, as the harbour had been opened 
with the minimum water space that was practicable. It was found 
possible to improve matters by dredging one or two small sections 
at the difficult points, and an alteration in the siting of the mooring 
berths was also made. 

The bend at the entrance of the approach channel, leading to the 
turning basin, proved to be the most awkward place for large ships. 
This was widened out on the south side and the difficulty was over- 
come, although additional depth is desirable here, and will be 
obtained as the opportunity arises, but as the bottom is mainly 
' rock, this will take time. However, since the widening was effected, 
ships of 520 feet in length and of not more than 26 feet draught 
can manceuvre without undue trouble. The harbour was officially 
opened by H.E. Lord Willingdon, Viceroy of India, on the 19th 
December, 1933. 

The names of the officers concerned with the execution of the 
project are given in Part I of this Paper, and need not be repeated 
here. The Author, however, takes this opportunity of recording his 
appreciation of the keenness of the European and Indian subordinate 
staff under his control. His position brought him into very close 
contact with these gentlemen, and he could not wish for a more whole- 
hearted, ungrudging co-operation in carrying out work under difficult 
conditions and long hours than he received from practically every — 
member of the staff. 


The Papers are accompanied by thirty-one sheets of drawings 
and two photographs, from some of which Plates 1, 2 and 3, the 
Figures in the text and the page of half-tones, have been prepared, 
and by the following Appendixes. 
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APPENDIX I. 


GENERAL INFERENCES REGARDING THE OCCURRENCE AND HABITS OF 
CYCLONES IN THE Bay OF BENGAL. 


The first point observed is that all cyclonic storms originate, or are produced, 
in the Bay of Bengal itself, and that such storms can advance over any part 
of the Bay from April until December. The most probable period for a cyclone 
to pass over Vizagapatam is, however, from the last week in September to the 
first week in November, when the south-west monsoon is in retreat. 

The storms usually increase in intensity as they approach the coast, and 
frequently generate currents of as much as 6 or 7 knots. The wind intensity 
in a severe cyclone, and up to as far as 50 miles from the centre, may reach 
100 miles per hour, the wave-heights under these conditions being over 50 feet, 
with a confused and turbulent sea. 

During the approach and onset of a cyclonic storm, the waves have a tendency 
to set southwards, and this is more particularly the case in October and 
November, when the fine-weather wave-direction is from the east or north-east. 

The area of the storm does not affect its intensity, as small cyclones may be 
just as severe as large ones. 
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APPENDIX II. 
Important Deratts oF DREDGING PLANT. 


A.—Floating Plant. 


Description. 
(1) “ Vizagapatam.”” 
(a) A twin-screw steam hopper, drag and cutter suction-dredger. 
Length between perpendiculars . 272 feet 0 inches. 


Breadth;mouldedi ays cheen) Geee ek Olmss nO 5: 
Deptt tecanete sical aks -S kek TOR Festa Olah ss 
Draucht loade dine. uagee A eee EO gees, 
Speed . . . 10 knots 


Capable of pumping 1,500 tons of spoil per hour of average 
material of sand, silt, clay, shells, and hard red clay from a 
depth of 45 feet below light water line, when working as a 
hopper dredger, and of discharging 1,000 tons of average 
4 material per hour through a pipe-line 4,000 feet long. 
Cost Rs1,943,000 (£145,500). 
4 (b) Floating pipe-line. 
Consisting of 2,100 feet of pipe-line, complete with floaters, 
discharge-piping, ball-and-socket joints, box-pontoon, etc. 
Cost Rs370,000 (£27,700). 
(c) Shore pipe-line. 
3,750 feet, complete with valves, bends, Y-pieces, etc. 
Cost Rs120,000 (£9,000). 
(2) “ Waltacr.” 
A combined dipper-dredger and rock cutter. 


Iengthis css eee. 86 feet 0 inches. 
Breadth 2, SSE Re eer er!) . 
Depth: (Mean) onl opie A *yets whe aden Oman oss 
Normal-load mean draught with 43 tons 

deadweight . . ieee ey One ae 


Dredging depth below light waterline. . 35. ,,0 

Weight of rock cutter Sid 

Dipper capacity . . - + + + + > 27 cubic feet. 

Capable of dredging rock at any depth from 10 to 30 feet. 
Cost Rs289,650 (£21,700). 


(3) “ Mudlark.” 
“ Priestman”’? improved steam grab-dredger, size “5 B B,~ 


mounted on the deck of a steel barge 60 feet long by 22 feet beam 
by 6 feet depth, fitted with derricking gear and equipped with two 
double-chain half-tine grabs for sand and two double-chain whole- 


tine grabs for rock. 
Cost Rs58,730 (£4,400). 


(4) Steel twin-screw steam tug “ Grampus ”’ (sea-going). 


Engines 600 I.HP. 


Cost Rs189,840 (£14,200). 
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(5) Steel single-screw steam tug “ Dolphin” (Not sea going). 

Engines 9. 3) se se 

Originally fitted with a Bolinder heavy-oil engine, and converted 
to a steam drive in 1930. 

Cost, including steam plant, Rs91,980 (£6,860). 
(6) Three 150-ton hopper barges “A,” “ B” and “ ORE 

Carrying 150 tons of spoil in one open well, and discharging through 
doors at bottom of well. 

Cost RsI39,200 (£10,400). 
(7) One 150-ton hopper barge “ D.” 

Similar to barges ‘“‘ A,” “B”’ and “‘C,’’ but constructed also for 
the transport of the ‘“‘ Marion ’’ dragline excavator. 

Cost Rs58,700 (£4,400). 
(8) One 300-ton hopper barge “‘ HE.” 

Shallow-draught, non-propelling hopper barge. Hopper divided 
into eight self-contained compartments, with steam winches fitted 
at each end of the hopper, and each dealing separately with four 
compartments. 

Cost Rs158,940 (£11,800). 
(9) Four 100-ton steel barges. 
Three used for rock loading. 
Cost Rs54,000 (£4,040). 
One used as ferry. 
: Cost Rs22,000 (£1,645). 
(10) Two 120-ton deck barges. 
One used for rock loading. 
: Cost Rs28,000 (£2,090). 
One used as water barge, with winch, boiler and pump. 
Cost Rs34,000 (£2,540). 
(11) One 50-ton combined water and anchor barge. 
With winch and boiler and 525-gallon boiler feed-water tank. 
Cost Rs19,500 (second hand) (£1,458). 
(12) “ Julia.” 
Originally intended as a combined passenger and vehicular ferry. 
Converted into a combined water and anchor barge. 
Power units—two ‘“‘ Kelvin’’ kerosene marine engines each of 
26-30 B.HP. 
One winch and boiler were fitted in 1931. 


Cost, including the alterations, Rs59,030 (£4,420). 
(13) Motor Launch “* Madge.” 


Length, 36 feet. 
Cost Rs7,210 (second hand) (£540). 


B.—Shore Plant. 
(1) Two 4-ton steam self-propelling jib-cranes. 
Loads (blocked up) :—8 tons at 30 feet radius. 
4 tons at 20 feet radius. 
: Cost Rs39,000 (£2,920). 
(2) One 8-ton steam self-propelling jib-crane. “ 
Loads (blocked up) :— 
3 tons at 30 feet maximum radius. 
8 tons at 15 feet maximum radius. 7 
Cost Rs12,850 (second hand) (£960). 
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(3) Marion ‘Type 125” revolving steam dragline, mounted on caterpillar 


tractors. - 
(a) 100-foot boom—24-cubic-yard bucket. 
Boomangle . . . 25° 30° 
Radius of dump . . 101 feet 4 inches 97 feet 33 inches. 
Height to point of 
i ROOT el es ee ler Feet sO sae ey 
Height of dump . . 33 ,, 53 ,, 410 5% OF 3; 
le Maximum _ digging , 
ea radius 5 AKG) GP LOR a= us 
q ; Depth ofcut . . . 32 ,, Migs Be a Ee erp 
re4 _ The boom length could be reduced to 80 feet by removing a 
2 20-foot section, and a 3-cubic-yard bucket could be used at 
’ 80 feet radius. The practical working radius was 90 feet. 
Et ; * This could be increased to 30 feet, with a single warp 
am on the drum, if a dump height of 36 feet was not exceeded. 
(b) Output :— 


120 to 150 cubic yards per hour in average earth. 
Cost Rs174,380 (£13,050). 


¥ f ot s&s hk 
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APPENDIX 


.Taste D.—History or WEAR ON SAND © 


Date of : ; 
No. Description. installation Working period. 
or removal. 


A | Cast iron pumps (suc- With the January 1928 to 30th October 


tion and discharge). dredger. 1929. 
Total 
B | Cast steel discharge- | Installed on | 30 Oct. 1929 to 28 Feb. 1930. 
pump (Port) 30 Oct. 1929. | 16 March 1930 to 5 July 1930 
‘ 31 Aug. 1930 to 29 Nov. 1930 
: 21 Jan. 1931 to 25 April 1931 
Taken out on | 14 May 1931 to 10 Oct. 1931 
10 Oct. 1931. 
Total 


C | Cast steel discharge- | Installed on | 15 Nov. 1931 to 19 April 1932 
pump (Port), 15 Nov. 1931. | 3 June 1932 to 18 Nov. 1932. 

: 2 Jan. 1933 to 24 May 1933 

9 June 1933 to 24 Nov. 1933 

8 Jan. 1934 to 31 March 1934 


z Total 


_D | Cast steel inlet-pump | Installed on | 30 Oct. 1929 to 28 Feb. 1930 
_ (Starboard). 30 Oct. 1929. 16 March 1930 to 5 July 1930 
31 Aug. 1930 to 29 Nov. 1930 
21 Jan. 1931 to 25 March 1931 
14 May 1931 to 10 Oct. 1931 
Taken out on | 15 Nov. 1931 to 19 April 1932 


18 Nov. 1982. | 3 Juno 1932 to 18 Nov. 1932. 
Total 
_E | Cast steel inlet-pump | Installed on | 2 Jan. 1933 to 24 May 1933. 
(Starboard). 2 Jan. 1933. 


9 June 1933 to 24 Nov. 1933 
8 Jan. 1934 to 31 March 1934 


Total 
EN EOE _ ee ' 


_ Regarding the cast steel inlet-pump “‘D”’ in the table, the top casing was 
period if a spare top casing had been available. The discharge-pump “ B,”’ 
ore pump casing with electric welding worked out at about Rs1,000, against a 
the pumps in cast steel in order to get longer wear and this was justified by 
which still further increased the life of the pumps. This would not have been 
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ITI, 


Pumes or S8.D. “ VizAGAPATAM.” 


Pumping hours. eh paces Remarks. 
3,759 52 millions| Completely worn out and finally 
boxed round with concrete. 
3,759 52 F 
1,345 178 __,, | Light electric welding. 
= 1,293 13:3. ,, | Top casing electrically welded. 
997 11:7 ,, ‘| Light electric welding. 
1,326 13-0 2 o 29 
ZAI 17:7 ey 
7,134 73-5 ,, | Taken out for extensive electric 
welding. 
1,961 23-9 2° 
2,876 30:1 ,, | Built up by electric welding. 
2,236 28-6 99 99 > 99 
2,878 31-4 99 99 99 9? 
a 1,034 74 2 2” 99 ”? 
4 10,985 121-4 ,, | Stillin use. 
F 1,345 17-8  ,, | Light electric welding. 
. 1,293 13-3 ,, | Top casing built up. 
$ 997 11:7 _,, | Light electric welding. 
g 1,326 13:0 2° ” 29 
2,173 17-7 _,, | Built up by electric welding. 
1,961 23-9 ” rr) ” ” 
2,876 302. 
11,971 127-5 ,, | Completely worn out. 
2,236 720s 
4 - 2,878 31-4 ,, | Built up by electric welding. 
‘7 1,034 74 ” or) ” ” 
6,148 67-4 ,, | Stillin use. 


[i 


completely worn out, but the bottom casing could have remained for a further 
after being built up, has been kept in reserveas a spare. The cost of rebuilding 
purchase price of Rs15,000 for the new pump casing. It was decided to renew 
the results obtained. Later, electric welding reinforcement was introduced, _ 
_ practicable with cast iron pumps. a 


306 


ASH AND RATTENBURY ON VIZAGAPATAM HARBOUR. 


‘ost UT TIS 
qno uI0 AA 
‘ash UT TTS 
*qno TOM 


‘ash UT TS 


“yO TIO 


‘os UT TIS 
"4900 TIO MA 


‘ost UF TITS 
*qQno TIO 


"as UT TIS 


*qNO TIO AA 
‘ost. UT TTS 
“9n0 110M 
‘os UT TIS 
*qnO TIO M 
‘ost. UT TIS 


"gyno 1.10 M 


*syIeUrey. 


000‘618°L9 
000°FL1‘78 
000°LSS‘F6 


000‘88E‘TZt 
000°99F‘2F 
000°9¢8°28 


000‘F68‘2 
000‘F66°ETT 
000‘99F'2F 
0009¢8'Z8 


000°888TZI 
000°Z3E*SaT 


000°¢8F°L6 
000‘FLF'L6 
000‘TI8‘T¢ 


000°F6E‘L 
000°F66‘ETT 
OO0‘TTS'SL 
000°TTS‘TS 


000°618°L9 
000°SL°96 
000'9¢8°38 


000‘618°L9 
000°FLLF8 
000°L9¢‘F6 


000‘F6E5L 
000‘097‘9ST 
000‘9¢8°Z8 


*qo0y OIqno 


ur AqQUeNo 


0€ sFl‘9 FS6L Gorey TE 
og 9g8'8 ZE6L “AON 8T 
00 s68*L OS6T “AON 62 
00 ¢86‘0T FEGL Yoel TE 
08 96F'F Ig6L “990 OF 
0g s6s‘9 Oger Ame ¢ 
0g FE0'T FE6L Youre Te 
0€ 096°6 €E6T “AON FG 
0€ 96°F TE6E “990 OT 
og 868‘9 Osé6t Ame ¢ 
00 Sé68‘0T FEGL YolVeyl TE 
00 S68‘OT TE6L “390 OL 
00 206 FS6L Youre TE 
0g 960‘6 Ze6l Tady 61 
0g 6¢EL‘E 6261 AIDE TE 
0g FE0‘T FE6L Gorvyl TE 
og 0966 €E6I “AON FZ 
0g ETL TE6L “990 OL 
0g 691° 6261 4ML TE 
0g 8sFI‘9 FE6L Gore TE 
00 €8&‘6 ZE6L “AON 8T 
og s6Ee‘9 OS6t ATE ¢ 
0€ 8sFI‘9 FS6L Golveyl TE 
0g 988'8 ZE6L “AON 8T 
00 6s‘ ‘ O€6L “AON 626 
0S F€0‘E FSGL YoVA TE 
00 LFF FT €E6T “AON FZ 
0g s6e‘9 OS6T ATE ¢ 
—— ooo 
“SUI “Sd f 
eso toan | OL 


SS6l “UVES “E 
Té6l “Wer TS °S 
Bsuyuulded *T 


TE6I “AON ST °E 
Og6I “SnV IE ° 
suyauyseg *T 


FE6l “UVE 8 °F 
T€6I “AON ST °E 
OSGI “SNY IE °% 

suyuurseg “TL 


TS6I “AON ST °% 
Suruupded *T 


Zeer oune € *E 
6261 “990 OF °% 
suruurseg “1 


FEL “UPL 8 “F 
TS6T “AON ST 
Z6I “990 0€ 
suyuuyseg 


SE6T_UVr ] ° 
Og6I “SnV TE 
SuyuUlseg 


eeel “uer Z * 
TE6I ‘WEL 1Z 
suyuuiseg * 


FECT “UCC 8° 
Og6I “sny TE ° 
suyuulseg 


FNS Hes HNO riclied 


UOL, 


"(aque od) 


“(ATWO 410d) 
H 


“(ApaO 
ht ee _ 


‘(OATeA PIEPUSTD ' 
jo 9ov][d Uy) 


- aT 


*(A[aO 
abt a ) 


*(qa0d) 
a 


*(A[aO 
aie pic" 


*(A[uO 
pa 


*(moulULOD) 
Vv 


——— 


*“SUIMBIp LO 
uordr1osoq 


ee ee eee 


*(g0¢ d ‘or ‘shy 098) podumd A44uUenb pue smmoy Surdumd jo sui104 Ut [eloods Woat-ysvo ove JO OJ] SUIMOYS 9[1Q¥BL 


<cINVLVdVOVZIA », ‘AQ'S—A FIAV.L 


“AI XIGNUddvV 


307 


ASH AND RATTENBURY ON VIZAGAPATAM HARBOUR. 


jos UT TIS 
*qno UIO MA 


‘est UT TIS 
*qno0 TIO 


‘osm Ul [19S 
*gno TIO AA 


‘osm UT 1119S 
"qno0 UO A 


‘osm UT TINS 
*qno UIO AL 


‘ost. UT TIS 
"qn0 UIO MA 


(OSM UT TIS 
*gno WO AA 
‘osm. UT TIS 
*qno WIO AA 


‘osm UT TINS 


“e 
“e 


“qo TIO AA. 
‘Ost. UF TINS 


“e 


*9n0 UI0 AA 


000°61E°L9 
000°TSS‘6LT 


000°ST8°8¢ 
000°¢68°L02 


000°6LE°L9 
000TES6LT 


000°¢T8°8¢ 
000°S68°L02 


000°6L6°19 
000°TSE‘6LT 


000‘ST8‘8E 
000°S08‘00T 
000°06¢°L0T 


000‘ST8‘8¢ 
000°408‘00T 
000‘069*L0T 


000°F685L 
000°F66°ETT 
000‘997°3F 
000‘°9F0°TE 
000‘018‘T¢ 


000°F68'L 
000°F66°ETT 
QOOTTSEL 
000°TT8‘TS 


0& 
0& 


0€ 
0§ 


FECL Gov 1 
6861 “AON 8E 


FECT Gorvyl TE 
SE6T AVIN FZ 


FS6L Wore TE 
GE6L “AON 8T 


FECL WIV LE 
GE6L “AON 8T 


FEGL Wourvny T€ 
SE6T APIA FZ 


FEGT Torey TE 
GE6L “AON 8T 


FEGT GOV TE 
SE61 ABI FZ 
Té6L Tady ¢% 


FEET Worey TE 
SE6L ACI FZ 
IS6L dy ¢2 


FECL VOB TE 
S€6L “AON ¥% 
TS6T “990 OT 
og6t Ame ¢ 
6361 Ame TE 


FE6T Gov TE 
S61 "AON FZ 
TE6L “990 OL 
6261 Aue T¢ 


SS6 “Ue Z 
SuluUulsog 


SE6T UNL 6 
Suruursog 


SE6L “URL SZ 
suyuUulseg 


Se6l “UBE SZ 
SsuluUlsog 


€S6T oun 6 
SsuyuUlsog: 


Se6l “UB Z 
SuUTUUTdOg 


S61 oun 6 
TE6L AVI FT 
sUuyTUUISOg 


ee6r ounr 6 
TS6l ACW FT 
suyaulseg 


PEEL “uel g 
I€6L “AON CT 
Og6L ‘Sny 1g 
6Z6I “990 0€ 

suyuusog 


FEET “UBL 8 
TS6T “AON CT 
666T “3°90 0€ 


SuTUUTsag, 


é 


. 


TS 


ical 


A AN Fa 


. 


s 


ao HA 


HNO BANOO 


*‘(preoqieys) 
iL 
*(qa0q) 
AR 
s 
Ua 
d 


‘(ATWO paeoqaeyg) 
d 


o 
‘(pavoqaeyg) 
N 
*(qa0q) 

N 
*(pavoqaeyg) 
W 


*(Qa0q) 
Ww 


*(MouTtOD) 
us | 


*(mouIUOD) 
a 


*(TOTTOD) 


ASH AND RATTENBURY ON VIZAGAPATAM HARBOUR. 


308 


OL 
4884 21 = you) | : ele 


S 


€¢10 


}004 


+49 ‘ON peeyying 


soddoy oO} 
aBseyosiq 


Sa ar 
SE 


| @ aut 
© BSuyjeojs o} 
* ableyssig 


— or 


adig 


ey 
ll / 


abseyosiq 
alous 


~ 0-6) 


“oT “sbug 


as}U97) dwn, 
100-6 


== dwind YOd |p 
0} pseoqe}s) 
wo abseyosig 


~a—_\ i 
Sonn 5 


aujues) duu! 
0} .0-.6.-- 


sur] aseg WO .L-yL |” 


ASH AND RATTENBURY ON VIZAGAPATAM HARBOUR. 309 
APPENDIX VY. 


TaBLE F.—Weark Or FLOATERS AND DiscHARGE PIPES. 


- Floaters. — ; 
1 “Received with the Bredger™ bea os ts 3 = 1,000 foo, 
Obtained subsequently Ao Se See eee ee ie 
Uz ~~ — 
4 Total received - ey eS DTD: eae 
Total still available in good condition . . . . - - 2,075 ,, = 


Lost through wear, accidents, etc., for 5 years . .- LOOM ss 
_ Discharge Pipes: Floating Section.— 

a Received with the dredger . . . +. - + + + + 1,000 feet 

, Obtained subsequently . . - - - + +e +: 2,740 ,, 


: Mobalerecetvedien ly en -k = os (40lN 5, 
% Print still available i in goadcondition § 2 6. « : + 2,07R 3, 2 
Lost through wear, perilenty etc., for 5 years . . 1,665 ,, 


o ——_—_——_ 


ischarge Pipes : Shore Section.— 
5 ~ Received withthe dredger . . . - - - - - + 3,800 feet 
Obtained gubsequewtlywues 2 Gn ee wt WE, GOO, 


otal roceivedswee « Male ©<. ning i8 200 Maree 
al still available in good condition . . . . . + 4,525 ,, f 
———— r a 


Lost through wear, accidents, ete.,for5 years . . 3,875 ,, 


a 


Rae pumped through these pipes Cas this period was approxi. 
5,000, 000 cubic f feet. 
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APPENDIX 


Taste G.—Drepeine Costs 


1928-29, 1929-30. 
: i Rate _ | Rate 
rie, tee eres 
Staff. Rs, Rs, As. Rs. Rs. As. 
Officers. . . . 44,990| 1- 6 58,652] 1- 8 81,587] 2- 6 
Ceawace:. Aa 32,866| 1- 0 35,741] 1- 0 45,270| 1- 8 
Stores. 
Coal we ee aa eee 90,949 | 2-12 133,388] 3- 7 180,970] 5- 6 
Specials . . . 45,971| 1- 8 54,047] 1- 5 32,671] 0-15 
Miscellaneous . . 9,847} 0O- 4 14,651] 0O- 6 52,698] 1- 9 
Outside. 
eae Labour 6,231] 0-3]. 10,154] 0O- 4 8,171| 0 4 
OPASNOP fF Stores 2,213] 0- 1 3,786] O- 1 3,165| O- 1 | 
Floating } Labour 8,629| 0- 4 7,615| 0- 3 6,508 | O- 2 | 
pipe-line if Stores . 3,222| O- 2 16,232] 0- 5 7,193| 0- 3 
Shore Labour 8,393] O- 4 10,381] 0- 4 8,287] 0- 4 
_ pipe-line J Stores . 2,982] 0- 1 3,425] O- 1 9,212| 0- 5 
Miscellaneous 
Attending craft . 15,981| O- 8 21,635] 0- 9 44,929] 1- 3 | 


Other miscellaneous 21,790} 0-11 33,513 | 0-14 11,082] 0- 5 


Overhatl tee so 45,193| 1- 4 108,197} 3— 1 212,162 | 5-15 
Total cost . . Rs. 339,257| — 511,417; — 703,905| — 
£ 24,800; — 38,200} — 52,500] — 

Quantity dredged 
34,538,200 | — 


(cubic feet) . . |32,965,100] — |38,507,000| — 


Rate per 1,000 cubic 
TOCUE Bima s, sds ts 
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VI. 


or §.D. “ VizAGaPATaM.”” 


1931-32. 1932-33, 1933-34. Total. 
Expendi- Bxpendi- Rate evens Rate E gi- | Rate 
ture, cars, 1D | ture, | GPO | “tore. | et 
Rs. Rs. As. Rs. Rs. As. Rs. Rs. As. Rs. Rs. As. 
99,659 95,778 | 1-15 100,780 | 2-10 481,446| 1-14 
66,898 63,877| 1- 6 71,615 | 1-7 316,267 | 1- 4 
237,523 229,610 | 4-12 188,333 | 3-13 | 1,060,773| 4- 3 
87,149 76,043) 1-12 82,350 | 1-10 378,231| 1- 6 
98,694 99,205] 2- 2 132,922 | 2-10 408,017| 2-1 
25,331 14,482| 0- 4 16,389 | 0- 5 80,758 | 0- 5 
15,890 9,923| 0- 3 19,364 | 0- 6 54,341| 0 -4 
24,246 22,905| 0- 8 22,870 | 0- 7 92,773| 0- 6 
x, 42,125 28,503| 0- 9 15,808 | 0- 5 113,083 | 0- 7 
19,111 17,764| 0- 6 16,997 | 0- 5 80,933 | 0- 5 
ze 20,021 44,168| 1- 0 56,538 | 1- 2 136,346 | 0- 9 
ra 62,975 59,269| 1- 5 64,914 | 1- 4 269,703| 1- 3 
r 50,212 56,920| 1- 4 49,343 | 1-0 222,860 | 0-14 
“7 ~¢ 
4 155,013 213,144| 4- 7 208,159 | 4- 3 941,868 | 3-12 
7 
a 1,004,847 1,031,591| — | 1,046,382) — 4,637,399 | — 
i 75,000 77,300| — 78,300 | — 346,400| — 
i 43,214,090 47,281,175| — | 50,204,640 | — | 246,710,205] — 
gee i-13 ss 20-18 —_ 18-13 
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ImPoRTANT PARTICULARS OF SHIPS AND BREAKWATER. 


pe 


Particulars. 


Length, O.A. 

i pebubs 
Breadth moulded 
Depth moulded . 
Gross tonnage 
Net tonnage 
Light draught 


Derricks 


Winches 4 
Number of decks 


Height of decks— 
Upper ’tweens. 
Lower ’tweens. 

Number of holds 

Keel . : 

Scuttling draught Fore 

2 os co =) Si eee Alt 

Displacement in tons at scuttling . 

Sea bed levels before scuttling :— 
Bow . 
Midship 
Between ships 


Keel levels at present . Section A.M. 


Ay 

s5 MGR 

5 DM, 
Heel of ships . Section A.M. 
ay ee 

een e 

ce DG 

Co-ordinates of position Bow 


“ Janus.”’ 


415 feet 
400 feet 
52 feet 10 inches 
27 feet 6 inches 
4,824 
3,078 
9 feet 1$ inches 


Eight 3-ton 


8 


Two and shelter 
deck 


9 feet 44 inches 
8 feet 3 inches 
4 
Flat plate 
18 feet 
21 feet 
8,820 


— 18 feet 6 inches 
— 20 feet 9 inches 


— 23 feet 
— 22-39 feet 
— 22:97 ,, 
— 23:49 ,, 
— 26:34 ,, 

1-55 feet 
145s 56 
I-39. 53 
1-41 ,, 
4,282h 
1,152S 
4,580E 
8688S 


“« Willesden.”’ 


413 feet 6 inches 
400 feet 
52 feet 3 inches 
31 feet 
4,881 
3,141 


9 feet 24 inches 
Mean 


Hight 5-ton 
Two 3-ton 
10 


Two and shelter 
deck 


7 feet 114 inches 
9 feet 6 inches 
4 
Flat plate 
21 feet 1 inch 
21 feet 7 inch 
9,735 


— 25 feet 
— 24 feet 
— 23 feet 
— 26-42 feet 
— 26-102. 
— 25:27 ,, 
— 25:70 ,, 
1-26 feet 
0-57 ,, 
hh Yate 
O57 4 
4,878E 
_ 5718 
4,588E 
8638S ' 
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APPENDIX VIII. 


Deraits oF Costs, Rates, Erc. 


1. Dredging. Rs. per 1,000 
(i) By suction dredger pumping through floating cubic feet. 
and shore pipe-lines. . : 18 to 20 


(ii) By dragline, including Youtiag! inte ‘railway 
trucks and unloading by hand at required 


places™. . 40 to 46 
(iii) By grabs, iMeindiag loading ‘into barges ‘and 
disposalinthesea . . . 45 to 55 


The above rates do not include goprechues of plant. 


Il. Reclamation. 
Average cost of containing bunds, weirs, pitching, levelling and 
finishing up reclaimed area was Rs1,650 per acre. This excludes 
the value of the spoil deposited from dredging. 


IIL. Quay-Wail. 
Overall rate per linear foot was Rs800. This does not include 
equipment such as sheds, cranes, railway lines, etc. 


IV. T'ransit-Sheds. 
Single-story buildings cost Rs4-2 per square foot of internal floor 
area. 


V. Railway Lines. Overall rates. 
(i) Broad-gauge lines, with 75 lb. F.B. rails on sal sleepers. Rate 
per mile Rs42,000 (£3,125) (including ballast but not land). 
(ii) Narrow-gauge lines, with 30 lb. F.B. rails on sal sleepers: Rate 
per mile Rs18,000 (£1,340) (including ballast but not land). 


VI. Protective Works.—Breakwater. 
(i) Overall rate per linear foot of breakwater as per general section 
in Fig. 9, Plate 3. 
Rs1,625 (includes cost of ships). 
(ii) Overall rate for quarrying boulders— 


Rs. As. 
(a) TrapfromGalliHil . . - - - 1~ 8 per ton. 
(b) Other boulders. . eee 0 el Jae 


(iii) Overall rate for Searcying) transportation and depositing 
boulders, including all handling at shore and at ships Rs3—0 
to Rs3-8 per ton. 


Vil. 
Average overall rate of macadamized road surfacing. 
Rs. As. 
Pa sotruGd ae ee es eB per foot run. 
SHitoot TOA) a) me, ee) ey 6 a ge eee we of as 


_ VIII. Staff Quarters. 


Overall rates per square foot of built-up area of main buildings : 
Rs. As 
Officers’ quarters . - - - + + + * 4 2 
Subordinates’ quarters . 3 (0 
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IX. Important material and labour rates.— 
(i) Cement . . . «+ » Rsb58 per ton. 
(ii) Rubble stone for oe, 
(other than trap and granite) Rs5-4 per 100 cubic feet. 
(iii) Broken stone-metal for roads 
and concrete works . . . Rs7-8 


99 2? 7 


(iv) Teak-woodlogs . . . . Rs3-8 per cubic foot. 
(v) Teak-wood scantlings . . . Rs4-0 to 5-0 per cubic foot. 
(vi) Mild-steel sections . . . Rs8-0 to 10-0 per cwt. 
(vii) Mason, per day of 8 hours. . Rsl-0 to 1-2. 
(viii) Carpenter, 2 % . Rs0-14 to 144. 
(ix) Fitter, os » + + Rsl-0 to 1-4. 


(x) Male coolie, 5s » + + Rs0-7. 
(xi) Female coolie, ,, » »« « Bs0-4. 
(xii) Boy coolie, 5 *F Rs0-3. 


rm ey: 
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VIZAGAPATAM HARBOUR. 
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- \y *r.. 


Se 
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—© used for Breakwater S sO/f/ 88 Dasarimetta 
i/ie aff Western 7 
) fe RY fs Storage Depot's. 
ff. Se bie \\ 
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Scale: 1 Inch = 1 Mile. 
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Discussion. 


‘Sir Ctement Hrnpiey said that he was very glad of the oppot- sir Clement 
funity of expressing his satisfaction at the completion of the Hindley. 
“Interesting harbour work at Vizagapatam, and he would like to con- 
atulate the Authors on the way in which they had presented their 
count of the work. He was in a position to give some information 
on the way in which the harbour works at Vizagapatam came to be 
sonstructed. In an earlier discussion before The Institution, he had 
mentioned the difficulties which engineers often encountered in 
dealing with human factors before they began their material work ; 
the Bengal—Nagpur Railway, having proposed the construction of a 
harbour at Vizagapatam, had for years to face all kinds of opposition, 
and difficulties. It was only right, therefore, that a tribute should be 
id to the tenacity and foresight of Sir Trevredyn Wynne, who was 
almost the creator of the Bengal—Nagpur Railway, in continually 
bringing before the public and the Government the necessity for 
developing that port. Until the construction of Vizagapatam 
harbour the thousand miles of coast from Calcutta to Madras had only 
small, so-called ports where merchandise and passengers had to be 
landed in surf-boats. The Bengal—Nagpur Railway, running from 
Salcutta to the Central Provinces, and being one of the main railways 
sonverging on Calcutta, had within its territory an area of 80,000 
square miles, with practically no road or railway communications 
wd with no harbour facilities; for many years, therefore, they 
urged the construction of a railway from Raipur to Vizianagram (the 
sity near the port) and the development of Vizagapatam harbour. 
hey suggested numerous schemes and financial proposals, but always 
‘e were constitutional and other difficulties, and in the main it was 
+ +o understand how they arose. Vizagapatam was in the Madras 
sidency ; the seat of the Government was a very long way away, 
naturally very little interest was taken, particularly as those in 
1 at Madras feared the competition of the new port. The 
1—Nagpur Railway, being centered on Calcutta, could not get 
upport from those at Calcutta for the creation of another port 
, measurable distance of the port of Calcutta. The railway 
refore struggled on in vain. Constitutional changes took place 
919, under which the Government of India assumed control of the 
ports and left the minor ports to the provincial Governments ; 
again complicated matters, because Vizagapatam had no one 
an interest in it. When the vital question of improving the 


Sir Clement 
Hindley. 


‘by Sir John Wolfe Barry and Partners to investigate a proposed 
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railway communications of India came to be considered, however, the 
gap seemed to be one which ought to be filled up, and so it came 
about that the railway project for a line from Raipur to Vizianagram, — 
coupled with the development of the port at Vizagapatam, was taken 
up again. It was found that the only way to develop that port was 
to create it, by an Act of the Central Government, a major port, — 
so that funds from the Central Government could be applied for its _ 
development ; its control was placed in the hands of the Railway — 
Board, as that was the only technical department under the Govern- _ 


would be seen that that was the only way, having regatd to the | 
constitutional position and to the way in which funds could be | 
provided, by which any progress could be made at all. i 


decisions in the earlier stages. He had been in some measure 
responsible for the decision to start work on the port, and for the — 
appointment of Mr. Ash in succession to Mr. Cartwright Reid, the — 
Engineer-in-Chief who had commenced the work. The Railway 
Board had taken over from the Bengal—Nagpur Railway the whole 


Bengal—Nagpur Railway was appointed as administrator. He 
wanted to disclaim, therefore, any credit, or the reverse, for other — 
major decisions in the early stages, as the work was done on the basis — 
of the project which had been prepared by the Bengal—Nagpur — 
Railway. The confidence which the Government of India placed in | 
Mr. Ash had been most fully justified, for no one who read the Paper 
could fail to realize that Mr. Ash had converted the harbour scheme 
into a most practical and economical one. | 

Sir Clement was particularly interested in Mr. Ash’s discussion of — 
the very difficult problem of the littoral drift. Mr. Cartwright Reid,” 
who had been on the spot for a good many years, had made a long 
series of hydrographic surveys which seemed to indicate that there 
was no great danger, at any rate, in attempting to dredge the channel - 
and then awaiting further developments, but it was obvious from the — 
experience of Mr. Ash after the channel had been dredged that the 
littoral drift was considerable and would have to be dealt with. He 
thought that the method of building the breakwater by sinking two. 
tramp-steamers was most ingenious, and it was probably the only 
way in which it could have been completed in the time available. — 

Sir Leororp Savitz said that on two occasions he had been 
brought in touch with the scheme described. In 1916 he was asked 


scheme, and, after spending some time on the site, he assisted in the 
drafting of their report. As was stated in the Paper, that report was 
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ithe first to suggest placing the harbour inland, and he thought that Sir Lepold 
-eredit should be given to Sir John Wolfe Barry’s partner, Mr. rare Maeda 
“Lyster, Past-President Inst. 0.E., who, he believed, was the first to 
“make that suggestion. The scheme as finally carried out differed 
in many respects from that proposed in the report made by Sir John 
_ Wolfe Barry and Partners, but the inland location of the harbour had 
_been adhered to, although the lay-out was modified to a very con- 
“siderable extent. In Sir John’s report two breakwaters were shown, 
5 protecting the channel from being silted up by the littoral drift, but 
_in the scheme adopted those breakwaters were omitted, as it was then 
considered that, once the channel had been dredged across the bar, 
“it could be maintained by the ebb and flow of the tide, assisted by a 
moderate amount of dredging. So far as he was aware, it was not 
ealized that that was impracticable until about a year before the 
port was due to be opened. Mr. Ash accordingly was faced with the 
roblem of providing the necessary protection in the short time avail- 
le, to avoid deferring the opening for one or more years while a 
reakwater of the normal type was being constructed. It was then 
hat he conceived the idea of forming an island breakwater by 
inking two ships and supporting them by sufficient rubble to 
protect them against the monsoon, and of forming a silt trap 
“which could be dredged by a dredger working under the pro- 
“tection of that breakwater. It was at that stage that Sir Leopold 
was again concerned with the scheme, when his firm was consulted 
as to its practicability. It was not an easy matter on which to 
sive an opinion, but in finally supporting the scheme they were 
Anfluenced, among other things, by the following considerations :— 
0 That a delay of a year or more would entail a considerable loss to 
the revenue of the port. (2) That Mr. Ash’s proposal was the only 
Bese that could be carried out in the time available. (3) That, given 
a minimum amount of protection by rubble backing, as finally 
igreed to, it was not considered that the normal monsoon swell would 
0 any really serious damage. (4) That, Sir Leopold having known 
oth Mr. Ash and Mr. Rattenbury when they had been with him at 
he Admiralty, his firm felt certain that all that was humanly possible 
vould be done to ensure the success of the scheme. He thought that 
he greatest credit was due to the Authors and to their staff for the 
uccessful opening of the port and maintenance of the channel 
ing the monsoon of 1933, and for the fact that a cyclone in the 
‘ollowing November did no serious damage to the breakwater. 
_ Mr. M. F-G. Witson remarked that he was especially interested in Mr. Wilson. 
the Paper because in 1909 his late partner, Sir William Matthews, 
Past-President Inst. C.E., made an exhaustive report on the harbour 
and _ examined four or five projects which had been put forward. 


Mr. Wilson. 


dredged. The practical effect of the dredging was to lift the sand | 
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One of them had been proposed before the troubles due to sand travel 
at Madras had occurred, but the others were of later dates, and all 
insisted that there was certain to be a travel along the coast and that 
it would have to be dealt with. He was surprised, therefore, to see: 
from the Paper that the consensus of opinion at a later date was that 
the experience at Madras was not likely to be repeated 
Vizagapatam. There were many examples of littoral drift of the: 
kind met with at Vizagapatam. Stable beaches did not constitute } 
evidence that there was no travel of sand; for example, there had| 
been a stable bar at the mouth of the Mersey for many years, but the} 
movement of the sand became apparent directly dredging was begun, | 
and he believed that about 500 million tons had been removed since } 
dredging had been commenced. The way in which the sand travel | 
at Vizagapatam was dealt with, once its magnitude was realized, , 
appeared to have been very satisfactory, the small breakwater made } 
by sinking two ships forming a lee under which the sand could be; 


which was travelling down the coast across the harbour entrance | 
and pass it along. | 
The breakwater seemed to him to be rather short for its purpose, | 
and it might have to be lengthened later on; however, so far i 
seemed to have been very successful. He noted that dredging had 
been carried out in a swell of 4 to 5 feet. In dredging on a bar at 
Lagos it had been found that a swell of 3 feet was quite as much as 
was comfortable. What surprised him, however, was the small 
amount of damage done to the loose rubble of the breakwater. The : 
section shown in Fig. 9, Plate 3, looked quite inadequate for it 
purpose, but evidently it had stood exceedingly well for its first 
season. He imagined, however, that much of it would probably be 
washed away in future, and that it would require to be constantly 
fed with fresh stone. The south-west breakwater at Colombo, which 
was exposed to the same monsoon, was founded on a rubble mound - 
with a large rubble apron in front ; much of that apron was washed 
away by each monsoon, and had to be made up again in the fine 
season. That action had gone on for many years, until eventually 
it was decided to cover the apron with concrete blocks as wave 
breakers. That work was expensive, but was quite successful, and 
he would not be at all surprised if similar measures had to be taken 
at Vizagapatam before very long. 
With regard to the inner works, he was interested to note that 
Mr. Ash had discarded the original plan of building what were 
described in the Paper as “ arms” and “ tongues,” which he took 
to mean a series of comparatively short jetties. Such a metho¢ 
would have been extravagant, as the ends of the jetties and the 


BY 
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spaces between them had to be filled in with at least the equivalent Mr. Wilson. 
of a quay wall, whilst they could not be used as such. Moreover, 
if the jetties did not correspond to the lengths of the ships any space 
left over was wasted, whereas with continuous quays that difficulty 
could, within limits, be overcome by moving the vessels along the 
quay and berthing them as required so as to economize space. The 
‘principal objection to a long quay having the usual sheds was the 
difficulty of providing access to the railways along the water side of 
the sheds. In the present case access was to be provided where the 
angles occurred in the quays, which was a good arrangement ; but 
the quays were very long, and he would not be at all surprised if it 
were found when they came to be worked that more access was re- 
quired at different places, so that one or two sheds would have to be 
sacrificed. The Authors had adopted monoliths for the wall. Pre- 
‘sumably they were driven to do so by the local conditions, as the 
ground was soft and swampy and there would have been difficulty in 
‘sinking trenches, but the cross section as determined by monolith con- 
‘struction was not economical for a heavy retaining-wall. Apparently, 
however, they were sunk very successfully, and it would be in- 
teresting to know how nearly they came to their correct positions. 

_ Mr. K. A. Wotre Barry said that his firm had watched the Mr. Wolfe 
development of Vizagapatam with the utmost interest. Many Bary 
reports had in the past been made by many engineers, but his was the 
first firm, he thought, to make the definite recommendation that an 
inland harbour should be developed in preference to an outside 
harbour of the Madras type. That report was made to the Bengal— 
Nagpur Railway in 1914, when his father, Sir John Wolfe Barry, and 
Mr. A. G. Lyster were still alive, and not in 1921, as might be thought 
from the Paper. After the War, however, finance became very diffi- 
cult, and as the development of the port became urgent the Govern- 
ment of India took it over from the railway, and his firm had no 
further active interest in the matter. In their report to the Bengal— 
Nagpur Railway, his firm drew attention to the similarity of conditions 
between Durban and Vizagapatam—both having narrow entrances" 
with almost unlimited tidal basins behind them. The information 
then available with regard to littoral drift was very vague indeed, 
but it was not expected to be serious. The report, however, stated 
clearly that maintenance dredging would have to be done, but it 
was hoped that a valuable increase of scour might be developed by 
increasing the tidal capacity behind the entrances, as had been done 
vith very good effect at Durban. It was certainly not anticipated 
iat an accretion of nearly one million tons per annum would have 
0 be faced, but, even if it had been, he was quite sure, from the many 


onversations which he had had with his father and with Mr. Lyster, 
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that they would not have altered their recommendation to form a: 
inland harbour. In their original scheme, as Sir Leopold Savile hax 
pointed out, they showed two breakwaters, one on each side of the 
entrance, at right angles to the shore, with an indication that they 
would probably have to be extended in the course of time. It was 
obvious, however, that the method adopted and described in the: 
Paper for overcoming the difficulty of accretion was much better. It; 
was most ingenious in its construction and design, and well deserved | 
the success which it was evidently achieving.. 

Mr. F. M. G. Du-Piat-Taytor remarked that Mr. Ash stated that 
the foreshore to the northward of the breakwater was to be restore 
or maintained by pumping sand upon it. The physical conditions 
Durban were very similar; in consequence of the extension of 
breakwaters, and particularly of the south breakwater, whic 
extended 2,200 feet beyond the Bluff, the beach in front of the town! 
had been completely denuded of sand, and the low-water mark ha d 
travelled inshore at the worst place about 200 feet, many building 
immediately behind the promenade being endangered by 
denudation. Since Mr. Ash’s visit the authorities at Durban ha 
called in Mr. Nijhoff, a member of the South African Harbour Com-- 
mission, who had investigated the matter and proposed to p mp ) 
dredged sand over the north pier and on to the foreshore, in much} 
the same way as that proposed at Vizagapatam. Mr. Nijhoff estt : 
mated that 700,000 cubic yards of sand would be required to restore 
the foreshore to its former condition, and proposed to retain it there: 
by constructing groynes to extend 400 feet below the low-water mark 
of spring tides. . 4 

It was stated that poor concrete was used in the floor of the gravi ng 
dock at Vizagapatam so as to relieve under-pressure by leakage. 
He did not think that that was a very good expedient; he would 
much prefer to make the floor of good solid concrete and to put 
vertical stoneware drainpipes with the sockets uppermost, each 
socket being plugged with concrete. If any under-pressure should 
appear, the plug would be blown out, and it could easily be restored, 

One of the most useful parts of the Paper was the Table sho 
the wear on pumps, pipes and other equipment used in the suctio: 
dredging, as that was one of the most serious problems of such work, 
He understood that some experiments had recently been made in 
Holland in lining dredging pumps and pipes with indiarub ber 
unfortunately it had not so far been a success, owing to the difficulty 
of securing the lining, but if that difficulty could be overcome he 
believed that it would solve the problem. 

Mr. A. L. ANDERSON remarked that engineers would realize thi 
difficulties which those in authority must have had when they had 


on 
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to decide on the detailed lay-out of the harbour. He did not think Mr. Anderson. 
the Authors claimed that the lay-out of the harbour was ideal, but 
he was sure that, given the peculiar conditions with which they had 
to deal, the resulting harbour was probably as good and effective as 
any that could have been designed. To those who might at any time 
be called upon to sink ships as a measure of protection, not necessarily 
against drifting sand, the scuttling of the ships for the island break- 
water was very interesting. The Authors had framed their Paper 
im such a modest and lucid manner that it might give the impression 
that that was a very simple proceeding, but he was assured by those 
who were in a position to know that it was by no means easy. 
The Authors had one advantage that they had plenty of stone ready 
to fill the ships and surround them. The Admiralty authorities 
would, he thought, rather support Mr. Wilson’s suggestion that if a 
larger type of block had been used outside it would have saved 
aintenance in the future. The Authors’ project was very bold ; 
2 thought it was novel, and he was delighted that it had been so 
ecessful. He was glad to see that the Authors had adopted a 
ordinate survey. At the naval base at Singapore a similar system 
had been employed, and during the past few years it had been 
immensely valuable, saving time and considerably reducing the 
length of wireless messages between Singapore and England. 
- The Authors were very fortunate in having been able to carry out 
e reclamation with sand, as the Admiralty had found clay to be 
ost unsatisfactory ; it never seemed to stop settling. He noticed 
at single-storey transit-sheds were adopted, provided with a truck- 
loading platform, but the Paper did not state whether that platform 
was at the floor-level of the shed or not. At Singapore very large 
single-storey transit-sheds had been adopted, and the Stores Depart- 
ment of the Admiralty had asked that there should be no break from 
1e floor of the shed to the truck-loading platform, so that hand- 
trucks could be pushed from the floor on to the railway-truck. It 
might sometimes be possible to sink the railway beneath the floor- 
svel of the shed, but at Singapore the floor of the shed had to be 
ped up to the truck-loading platform level. The sheds at Singa- 
pore were 225 feet wide (instead of 200 feet, as at Vizagapatam) and 
was not thought that the slope on the sheds would cause any 
fficulty. It would certainly enable materials and so on to be 
ndled quickly with no lifting into the trucks. He did not claim 
at the idea was original, for he thought that Mr. Wentworth- 
heilds had adopted it for the transit-sheds at Southampton, which 
ad been very successful. ae 
Mr. E. J. Bucxroy, referring firstly to the general lay-out of the Mr. Buckton. 
harb our, said that Sir Frederick Palmer, who was consulted in 1926, 
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had favoured the adoption of two long docks, one running more or} 
less on the site of the northern basin of the accepted plan, and the» 
other to the west of but parallel with it, the rail and road approaches 
from the north being more or less the same for both those parallel! 
docks. The heads of the two proposed docks on the accepted plan 
were nearly 2 miles apart, and Sir Frederick contended that such ai 
lay-out would not lend itself to easy administration. It had to be: 
borne in mind that the scheme as prepared was a very extensive one, . 
and that the final stage might never be reached. In Sir Frederick’s: 
lay-out he felt that it would not matter very much whether a small 
length of dock were first opened, and then gradually extended, or 
but with the official scheme he felt that it would be necessary 
bifurcate the traffic about 2 miles away to approach the areas, or t0: 
have a great many temporary approaches which would have to 
altered as the extensions were made. j 
Sir Frederick expressed his personal view as early as 1926 that the: 
entrance could not be maintained without protection. He did not! 
suggest the kind or extent of the protection which would have to be» 
provided, as he did not know enough about the site. . 
Mr. Ash’s proposals in 1932 for the protection of the entrance- 
channel were referred to his firm, and they were in general agreement 
with Mr. Ash on all points but one, namely, that Mr. Ash held a mo 
favourable opinion of the sunken ships as a nucleus for the breakwate 
than they did. Ships sunk for such a purpose had been used before, 
and could not be said to have proved an unqualified success. A good! 
many years ago, when repairing one of the Tyne piers, a ship was filled: 
with concrete and sunk to form a temporary breakwater protec 
the reconstruction works from heavy seas. It answered its purp 
not much of the ship was left, but the lower part of the conc 
was discovered 2 years ago, well bedded in the sand and having 
changed its position considerably. A more important instance was 
in New South Wales, where there were three wrecks at a dangero : 
part of the coast near the entrance to a harbour. To form a break- 
water it was decided to sink two more ships to close the gap, and to 
cover them with rubble. Those who had been concerned with that 
work had differing opinions as to its success, though he believed th 
the engineer responsible was satisfied with it. Ships scuttled on a 
sandy bottom subject to wave-action invariably broke their backs 
and ultimately went to pieces; although that was a fairly definit 
statement, most people who had had experience with ships going 
ashore would support it. To prevent a ship going to pieces it had 
be practically covered with rubble, and the stones had to be larget 
than would be necessary for a rubble breakwater without a ship as 
anucleus. That might not be obvious, but he thought that it would 
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be found to be true. The steel wall buried inside the breakwater Mr. Buckton. 
really weakened it ; if the plate were not there, the water would work 
‘through, but the plate acted as a cut-off and the waves were blocked 
“and had to get away in some other manner, tending to displace the 
tubble. Mr. Ash agreed with his firm that a breakwater of rubble 
alone would be better than a breakwater of scuttled ships protected 
_by rubble, and it was found that an all-rubble breakwater could be 
constructed in two seasons. At that time trade was very bad; the 
“new harbour could only have got such trade as it could draw from 
other Indian ports, and it was thought worth while to refer to India 
to find out whether the authorities there would be prepared to delay 
“the opening of the harbour by one season so as to permit of an all- 
“rubble breakwater being built. Sir Leopold Savile, in referring to the 
uestion a little earlier, had said that one of his reasons for supporting 
he scheme was that he was convinced that one year’s delay would 
mean a very considerable loss. His own firm felt that, taking the 
roblem as a whole, that could not beso. The time to build harbours 
was during a slump, and the time to open them was as a boom 
eveloped. The operating costs of a harbour were great, and it was 
difficult to meet them out of revenue, even when trade was good. 
The authorities, however, could not agree to delay. He did not 
know their reasons, but he did not think that at that time, when 
rade was so bad, a loss would have been involved to the country as a 
whole. There might have been a loss to a provincial government, 
nd he did not know how the work was being financed, but at any 
ate it had to go on. Since the breakwater had to be provided in 
ne season, there was no alternative to Mr. Ash’s suggestion of 
_scuttling two ships. The best service which his own firm could do 
was to suggest strengthening the proposed breakwater by using more 
_ larger rubble, but Mr. Ash considered at the time that that was 
not possible ; it was expected to be difficult to get large stones in 
sufficient quantities from the quarries. However, he noticed that 
the breakwater at the end of the first season had been made con- 
con stronger than that originally submitted to his firm for 


consideration; in fact, it was nearly as strong as the strengthened 
‘section which they proposed. It seemed that the quarry conditions 
sroved more favourable than was at first expected, and apparently 
Ir. Ash was able to obtain more than double the minimum quantity 
f stone on which he could reckon before the breakwater was con- 
structed. The exceptionally heavy stone discovered was of great 
value in constructing a breakwater, as the effectiveness of stone 
ncreased rapidly with increasing specific gravity. It had at one time 
nn assumed that 3-ton blocks would be the largest available, but it 
had proved possible to get almost any size of block, and the stone had 
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had to be broken down to suit the cranes available. Instead of the 
expected 3-ton maximum, 8-ton blocks were actually used. The ) 
breakwater was very severely tested by a cyclone, and, although it 
suffered heavily, it stood the test. The ravages of storms would have — 
to be made good, and heavy maintenance had to be expected until the | 
hulls were broken down or were covered with large rubble or blocks; — 
He considered that the final cost would be appreciably higher than if - 
an ordinary rubble breakwater had been made in the first place. 
The sinking of the ships was probably the only possible solution of the © 
problem ; it was certainly most ingenious, and every credit was due 
to Mr. Ash for it, but he thought that it was not a suitable method of | 
constructing permanent breakwaters and should not be copied except 
in an emergency. | 
Mr. N. G. Gepyz remarked that in recent years The Institution 
had had very valuable Papers on dredging and littoral drift from three 1 
Indian ports, Madras,! Cochin 2.and now Vizagapatam. He could not 
recall any other series of Papers coming from one part of the world | 
which contained so much useful and detailed information on sand-_ 
travel and on the dredging and pumping of sand by suction-dredgers. — 
Mr. Rattenbury had stated on p. 255 that wave-heights up to 21 feet 
had been registered in the offing, and that unmeasured waves had — 
been estimated to be from 25 to 30 feet in height. It would add to 
the value of the figures and records given if the Authors could state — 
the depth of water and distance from the shore of the place where } 
those records were usually made, as the form and height of an ns 
broken wave near the shore were affected very greatly by the slope 
of the sea-bed and the rapid decrease in the depth of water. It was 
also stated that the troughs of waves which occurred in bad weathe | 
might be as much as 8 feet below mean sea-level. That record 
would be made more useful if the corresponding height above meai | 
sea-level could also be given; probably they were the 21-foot waves 
which were mentioned on the same page. With regard to the sand: 
travel, paragraph (f) on p. 256 clearly referred to the sea-bed as well as | 
the actual foreshore, but it would be interesting to know whether the | 
Authors had any information as to the limiting depth of water in 
which definite littoral drift was found to take place. Perhaps the 
depth of water corresponding to the limit of the 300-foot belt might be- 
given. 
Mr. Rattenbury mentioned that it was possible to dredge in seas 
with wave-heights up to a maximum of 4 to 5 feet, but that pipe-line 
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1 Sir Francis Spring, ‘‘ Coastal Sand-Travel near Madras Harbour.” Minutes 
of Proceedings Inst. C.E., vol. exciv (1913), p. 153. — 1 

2 R. C. Bristow, “Cochin Harbour Works.” Minutes of Proceedings In st. 
C.E., vol. 230 (1930), p. 40. vod 
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: work was impossible in rough weather. It would be interesting ifMr. Gedye. 
information could be given as to the maximum wave-heights when 
‘pipe-line discharge was possible. Dredging by sea-going hopper 
-suction-dredgers could, of course, be carried on with waves of much 
“greater height than those with which it would be safe to attempt the 
working of a floating pipe-line. 

_ Reference was made in the Paper to various methods by which the 
“stone was transported and discharged on to the breakwater, and he 
“would like to ask whether the Authors had used any flat-decked 
‘scows, which were frequently employed in England where weather 
‘and other conditions were suitable. In replenishing the breakwater 
-at Brixham during the last few years it had been found convenient 
to carry stones up to 10 tons (which was the limiting load of the 
-ayailable crane) across the harbour on a scow and to dump them at 
high water with the greatest ease and speed. The Paper referred 
to hopper-barges used for depositing stone, and he would like to ask 
whether side-door hoppers had been employed. For the periodical 
eplenishment of the rubble mound of the South Pier at Tynemouth 
large amount of stone was dumped from side-door hopper-barges, 
hich had the advantage of being able to move into a depth of water 
ver the mound which was very little more than the depth of the 
raft, as the hopper-doors were hinged at the top, so that no part of 
the barge was below keel-level while discharging the stone. The 
‘normal practice, if it was desired to keep the stones well up on the 
flank of the breakwater, was to discharge one side and then to turn 
the barge round and discharge the other. 

_ It would be interesting to know what was the normal ebb flow 
‘through the narrows at the harbour at spring tides, apart from any 
abnormal ebb due to land water. 

_ Mr. W. ©. Ass, in reply, wished first of all to express the thanks Mr. Ash. 
of his colleague and himself for the very kind remarks which had 
been made about their Paper. 

It seemed to have occasioned a certain amount of surprise that 
‘those concerned with the work were not well aware at the time that 
‘the project was put into execution that sand-travel did exist. It 
vould be agreed, he thought, that it was not an easy matter to be 
“quite certain whether the sand of a beach was travelling or not ; the 
‘sections would probably be quite constant, or would exhibit no 
‘greater variation than might be expected from seasonal changes 
‘and from disturbances, so that a survey of that kind was of no help 
‘at all. At the same time, certain indications were available. 
ctually at Vizagapatam sand-travel could be seen during the 
nonsoon whenever the wave-height was more than 3 or 4 feet. He 
attributed the travel which took place on that coast chiefly to the 
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obliquity of the wave-action to the general line of the beach, a nd j 
he thought that most people who had studied the matter would 
agree with him. The movement could be observed on that coast 
as on many others, though it was not easy to account for the con- | 
tinuity of the travel at every stretch of the coast. It seemed to 
him, therefore, when he got there that there was no reason at all 
why Vizagapatam should be immune. Moreover, whenever there j 
had been a period of bad weather it had been possible actually to | 
see the sand, obviously in considerable volume, travelling past the 
hill which was on the southern side of the entrance, known as the 
Dolphin’s Nose, and he had similarly stood on the bluff at Durban 
and watched the sand travelling towards the “sand trap”; from 
a height of several hundred feet it could be seen perfectly clearly. — 
The determination of the approximate amount of sand-travel, 
however, was a very different matter, and the ideas which were 
entertained at the time when the scheme was undertaken varied a 
good deal. He had considered it necessary to spend at least a ye ar 
in making observations and forming general conclusions before he 
would venture to offer any sort of opinion whatever ; he kept silent ai 
for at least a season, but after that he did get rather alarmed at the ~ 
fact, as it seemed to him, that the authorities concerned were con- 
fronted by a really serious problem and were making no provision — 
for it, not having in their estimates any money for a breakwater or 
protective work of any kind. But even after experience had 
supported the conclusions formed and an idea of the seasonal volume 
of travel had been obtained, a great deal of investigation had been 
necessary before a scheme for dealing with the problem could be put 
forward, and that process had occupied considerable time. He 
agreed with Mr. Wolfe Barry that the idea of an inside harb 
was justified, irrespectively of the existence of the littoral d 
He was convinced that certain investigators had formed an ex 
aggerated idea of the value of the tidal scour at Vizagapatam, 
It would, in conjunction with two parallel breakwaters, have afforded 
but little relief. He doubted whether it was a very potent factor 
at Durban in maintaining the depths which were needed for the 
liners which visited that port. = 
One question of detail which had arisen was that of the swell im 
which dredging could be done. Probably his colleague would hav 
more to say on that point. They had recorded in the Paper that they 
could and did dredge outside in a swell of about 5 feet, but of cours 
a great deal of difference was made by the conditions under whick 
the dredging was done. As had been remarked in the discussion, 
it was one thing to be dredging with a pipe-line and another to be 
dredging into a hopper, but with the flexible suction used they wer 
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‘able to dredge with a fair degree of safety by hoppering in a 5-footMr. Ash. 


‘swell. The pipe-line, of course, was not used in such a swell. When 
he was making investigations at Durban he found that hopper- 
‘dredging was carried out there in a swell of 9 or 10 feet, but that 
was absolutely necessary at times to keep the harbour open. He 
‘was very anxious indeed not to have to repeat those conditions at 
‘Vizagapatam. At Durban the dredging was done on the weather 
‘side of the harbour, where the sand-trap was situated, but he was 
‘convinced that at Vizagapatam it was necessary to have a lee, and 
that was one of the essential parts of the scheme. 
Reference had been made to the difficulty of getting rail access 
m an “ arm-and-tongue ” lay-out. It was admittedly a difficulty, 
ut he thought that it would not be very serious in the lay-out 
which had been adopted at Vizagapatam, because of the frequent 
breaks. It was true that there was a length of twelve berths on 
‘each side from the northern to the southern end of the Northern 
gasin, but there were kinks in the alignment of the quays, and at 
uch places a connecting line could be taken from the running line 
+ the back of the sheds to the quayside lines. The lay-out possible 
t those points had been studied in detail, and he did not think a great 
‘deal of quay-wall would be lost in getting the railway connections. 
He was especially interested in the particulars which Mr. Du-Plat- 
aylor gave with regard to facts which had come to light at Durban 
ince he himself had made some investigations there. It now 
ppeared that the question of the protection of the town was 
‘becoming more serious than it had appeared to be at the time when 
he was there, though there had even then been some anxiety. He 
thought it was obvious that if the littoral drift along a coast were 
‘interrupted, then, since the wave-action would continue just the 
game, erosion would occur. The authorities at Vizagapatam were 
- of that, as would ‘be gathered from the Paper, but perhaps 
their fears were a little exaggerated, because he gathered from the 
latest information that the beach now appeared to be becoming a 
iittle congested. Fig. 3 (p. 247), showing the working model, could 
be used to illustrate the point. A considerable volume of dredged 
‘sand had been dumped on the stretch of beach shown in the north- 
west corner of the diagram. The direction of the swell being, during 
the south-west monsoon, roughly parallel to the breakwater, it 
‘would be seen that the beach was to some extent in the lee of the 
reakwater. Also, a shoal had been created by sand dumped in 
he sea to the north of the channel, and that further modified the 
ave-action on the beach. The result was that the beach was 
oming rather overloaded, but he thought the future solution 
1 ald be to do a ee part of the dredging in the channel by 
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hoppering and to discharge it out to sea, where it would eventually 
disappear to the northward. Similar conditions applied at Durban, — 
but he had been given to understand when he was there that there 
was relatively a larger return of sand during the periods when there - 
were northerly winds; an appreciable proportion of the sand 
dumped at sea to the north of the harbour was, he had been informed, 
brought back by the return action of the swell and helped to keep — 
the beach replenished to some extent ; otherwise the erosion of the ~ 
beach would have been very much more serious than it actually was. 
Mr. Anderson had remarked that the lay-out at Vizagapatam was — 
far from ideal. He was not quite sure whether Mr. Anderson was | 
referring to the port as a whole, including the entrance and the inner 
scheme, or to the inner scheme alone. If Mr. Anderson referred to — 
the whole scheme the Authors would be in agreement with him) 
but they had had to take certain physical facts into account. There | 
was, for instance, an awkward bend in the channel which could 
not be avoided because of the position of the hills. Inside, however, 
there was a swamp of several thousand acres, and if the inside lay- 
out was not good it was the engineers’ own fault, because there 
very little to condition the planning of the harbour. They had t 
arrange, of course, for railway-access in accordance with the present 
alignment of railways up the coast, but, apart from that, they had had . 
almost complete liberty. They had endeavoured to take advantage © 
of all the factors which were in their favour, and they were to blam 7 
if the inside lay-out was unsuitable. He admitted that the bend in 
the channel was an undesirable feature and had proved troublesome - 
in practice, but that was the fault of Nature. Mr. Buckto 8 
reference to a supposed disadvantage in railway communication 
during the period of construction of the northern arm appeared t¢ | 
be based on a misapprehension of the order of procedure. There | 
would, in practice, have been very little difference during that phase 
whether Sir Frederick Palmer’s straight Eastern Dock or the Authors” 
Northern Basin had been adopted. Extension of the produce berths 
would probably take place first in a northerly direction along the 
eastern quay. On completion of these, there would be the same 
choice under each scheme regarding the location of further extensions, 
but if the adopted scheme were followed, developments would 
thereafter begin at the northern end of the western quay and procee 
southward. There would thus be no need for the numerous 
temporary connections referred to. Regarding the position at : 
later stage, when the development of the Western Arm would be iz 
progress, extension would normally take place along the norther 
quay, in a westerly direction. By that time, the magnitude of the 
Port would naturally call for a certain degree of decentralization it 
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administration, and it appeared to be of more importance so to plan Mr. Ash. 
the Port as to take full advantage of the physical conditions than to 
make it conform to hypothetical needs of that nature. 
~ Mr. Buckton had referred to the discussion which took place 
before the scheme for the breakwater was embarked upon. In 
making his remarks he had assumed that the issue between the 
breakwater as constructed and a more orthodox type of breakwater 
tested upon a hypothetical delay of one season. It was true that a 
‘delay of one season had been referred to in those discussions, but 
‘personally he had never believed in that time-estimate; he con- 
‘sidered that it would have required many more seasons. Having 
now carried out the work by the adopted method, and being able to 
‘view matters in retrospect, he was quite convinced that they would 
‘still be building the breakwater if they had not chosen some such 
scheme as that which was actually executed. If reference were 
‘made to Figs. 14, Plate 3, it would be noticed that about amidships 
on the lee-side of the two scuttled vessels there were two spurs 
indicated by the darker lines. A stage had eventually been reached 
. the construction at which all material had to be handled at the 
0-ton derrick crane, which was, roughly speaking, between the two 
‘ships. When unfavourable weather conditions set in, that was the 
only place at which they could handle blocks on to the breakwater. 
‘The spur on the right-hand side out to sea had to be put there to 
enable craft to get in at all. The swell was so constant and so 
strong nearly all the year round at Vizagapatam that it was necessary 
to have protection for any vessels from which cargo had to be 
unloaded, to avoid running very great risk of the collapse of the 
‘rane. They had needed every bit of protection which the nature 
‘of the scheme had enabled them to secure, and it was greater than 
any other sort of scheme could have afforded. The two ships at 
the breakwater were roughly parallel to the swell for the greater 
part of the year, but the waves diffracted around the two ends and 
caused a good deal of commotion, even on the lee-side. If they had 
had to start from one spot only by sinking a caisson or getting a 
start in some other way, and had had to bring all the stone to that 
‘one place, he did not think they would have made any appreciable 
progress for a long time; construction would have been very slow, 
‘and he was convinced that the breakwater would not have been 
functioning yet. Although, therefore, there had been talk of a delay 
one season, and although the Government had been given to under- 
stand that that might be the extent of the delay, he was sure that _ 
a figure had no actual reference to facts, and that the work would 
yctually have taken several years, during which time the entrance 
» the harbour could not have been kept open. 
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_ or other to find its way outside. That gap was 600 feet wide, and 


330 DISCUSSION ON VIZAGAPATAM HARBOUR. 


He agreed that, as a matter of principle, bigger blocks might be 
thought to be necessary in front of a steel wall than in a simple 
random block-work mound, but the Authors had not, in actual 
practice, observed any evidence of the kind of wave-action which — 
would necessitate specially heavy boulders. The breakwater was, — 
after all, on a similar basis to others in which there was a core of © 
slice-work covered on the weather side by blocks. The Authors — 
had also been favoured in certain respects, to one of which Mr, 
Buckton had referred, namely, the very high specific gravity of 
the stone. They had stone weighing very nearly 200 pounds pel 
cubic foot, and, since the weight of the stone in water had to be 
considered, their scheme had a great advantage as compared, for | 
instance, with any scheme involving concrete blocks. His colleague 
would probably have something to say with regard to that, because — 
Mr. Rattenbury had been at Vizagapatam for some time since he _ 
himself had left, and knew more about the behaviour of the break- 
water during the last one or two monsoons; he could therefore 
speak regarding the necessity for renewals or for further building-up 
of the breakwater. So far, however, there seemed to be very little 
evidence that high maintenance-costs would have to be incurred, 
He agreed with Mr. Buckton that during discussions on the scheme © 
he had given conservative estimates as to the tonnage and size of 
the boulders which would be placed in position during the first 
“calm” season. Nothing had occurred to indicate that the work — 
would not have been quite secure during the first monsoon had it 
been possible to give no more protection than that covered by the 
estimate of minimum tonnage of stone to be dumped. But, naturally, 
having undertaken the work, the Authors had made every endeavour 
to provide the utmost degree of security, irrespective of former | 
anticipations. ; 

The width of the zone of sand-travel had been mentioned. 
had stated in the Paper that he had come to the conclusion that it 
was limited to a strip of about 600 feet, and Mr. Rattenbury in his 
part of the Paper had put the width at a lower figure. It could not, _ 
of course, be stated with precision. Some light was shown on the 
subject by the fact that at the end of the first monsoon only 3 per 
cent. of the deposit from the littoral drift was found to have taken 
place outside the zone of the breakwater; thus, for every 100 tons 
which had been driven by the monsoon along that coast, 97 had 
passed in through the gap, and only 3 had managed by some means 


i: 


his own belief, based on observations, was that the 3 per cent. could 


be mainly accounted for by sand which had been punched up inte 
suspension by the wave-action during the half-dozen or more storms 
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which took place during a monsoon, when sand could be seen in Mr. Ash. 
‘suspension for at least a mile out to sea. A slight amount of 
“accretion in the channel would therefore be expected, even beyond 

‘the range of the protective work. 

_ Mr. O. B. Rarrensury, who also replied, said that doubt had Mr.Rattenbury. 
been expressed as to whether the length of the breakwater and the 

area of the trap were sufficient. He had been at Vizagapatam for 

two seasons since the establishment of the breakwater, and there 

“was no evidence at present that its length was insufficient. It had 

been possible to clear the trap every year in the calm season and to 

extend its area; when the drift set in during the monsoon the 

“dredger could get in to the trap at intervals between the rough- 

weather periods, and there had been no difficulty in keeping it 
sufficiently clear of siltation. He did not think that the extension 

of the length of the breakwater would help in any way, because 

he sand-travel took place only within 400 or 500 feet of the 

‘shore, whereas the breakwater extended about 1,800 feet from the 

hore. 

With regard to the weight of the stone protection, the breakwater 

was really completed in March last, involving about a year’s work 

ince the Paper was written. On the weather side there were stones 

f up to 8 or 9 tons in weight extending for more than half the length 

of the breakwater from its outer end and also round that end, and 
“considering the high specific gravity of the stone he doubted very 

much whether a great deal of trouble would be experienced in 
‘maintenance afterwards. He looked on the breakwater as completed, 

except for the possible effects of some unforeseen and very heavy 

torm. In the 2 years since the breakwater had been in position 

here was no evidence that a single stone had been moved, except 

luring one storm. During the first year, at which time the pro- 

tecting stone on the outside of the breakwater was small—from 

‘1 to 3 tons individual weight—a cyclonic storm occurred in November 

‘and the weather-side stone was undercut, disappearing below water- 

level over a stretch of from 300 to 400 feet along the outer face. 

‘That stone had been replaced by heavy stone, and in the last two 

“years none had been moved at all. It had to be remembered that 
‘the recent addition of 8-ton blocks of high specific gravity was 
uivalent to providing ordinary concrete wavebreakers of 30 tons" 
ividual weight. Experience so far indicated that maintenance 
uld not be required except after the occurrence of a direct hit 
om a cyclone, such as might occur once in 20 years. 

‘He did not agree with Mr. Buckton that the steel core formed by 
the ships was a disadvantage. The suggested movement of the 
stone due to recoil of waves did not occur. Possibly that was due 
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Mr.Rattenbury. to the high specific gravity of the stone used. Actually, heavy storms 
breaking more or less at right angles to the face of the breakwater 
caused no movement of stone whatever. In the storm which did 
cause damage to the breakwater, before the heavier wavebreakers 
had been placed, the waves broke at an angle to the face and the 
damage was due to the undermining action of a powerful wave 
running along the face of the breakwater. The steelwork was not: 
likely to disintegrate below low water, and disintegration above had | 
been provided for by building a masonry facing-wall back and front 
and by covering the deck and hatches with a considerable thickness _ 
of concrete. . 

A question had been asked regarding the accuracy with which — 
the monoliths on the quay-wall were sunk, and to what extent 
they deviated from their intended positions. The upper wall had — 
been corbelled out 9 inches from the face aimed at when putting 
the monoliths down ; there was no monolith which projected beyond — 
9 inches, and in most cases they were within 2 or 3 inches of the | 
vertical. There was a good deal of trouble in correcting some of 
them as they sank; they would tend to go as much as 18 inches _ 
or 2 feet out of line either way, but it had been possible to correct — 
that either by grabbing or by kentledge, or on one or two occasions } 
by pumping, and no great trouble was experienced. | 

The floor of the graving-dock was really the natural rock, and all 

- that had been done was to level it and put about 3 inches of concrete _ 
over it. The Authors considered that it was better to use a porous — 
concrete, so as to have no floor-lifting trouble; had watertight — 
concrete been used, a much greater thickness would have been 
necessary and the cost would have been much greater. The 

29 arrangement had proved quite satisfactory. . 

He had heard of the suggestion of lining the dredging-pumps and’ 
adjoining pipes with rubber, but, as far as he had been able to find 
out, a rubber lining, though not suffering much wear from the sand, 
was liable to be damaged by stones cutting it up. A considerable 
quantity of boulders had to pass through the pumps at various times, 
and it was understood that rubber would not stand up to that. He 
did not consider that the use of rubber would be as satisfactory as 
the welding which was in fact adopted. Welding was used to such 
an extent at Vizagapatam that it was difficult to say what the life 

% of a pump would be, because the wear was made good every two or 

three months by building-up. Recently he had lined the casings 
with steel strips fitted in position and welded together, which had 
been found to be satisfactory and cheaper. i 

In reply to Mr. Anderson, the floors of the transit-sheds at Viza- 

gapatam sloped from the wharf up to truck-floor level. Up to the 


re ar caer 


DISCUSSION ON VIZAGAPATAM HARBOUR. 300 


present time goods were carried from shed to truck or vice versa Mr.Rattenbury 
on the heads of coolies, and for that method of carriage it would 
have been better to have the railway-platform 2 or 3 feet below 
the truck-floor. It was expected, however, that hand-trolleys would 
come into use as trade developed, and the design was made on that 
assumption. 

_ The wave-heights were measured in the outer channel at 6,000 E., 
which was about 3,000 feet from the shore, and the depth of the 
“water there was 24 or 25 feet. The measurements were always taken 
at one particular point; a series of waves was taken each time, and 
it was found that on the average about one-third of the wave-height 
was below the mean sea-level and about two-thirds above it, so that 
a trough 8 feet deep below mean sea-level at the time would represent 
a wave of 24 feet from crest-to trough. 

_ With regard to dredging in rough water with waves ranging up to 
a4 or 5 feet in height, he thought that Mr. Ash had forgotten that they 
lid actually dredge in waves of that height with the floating pipe-line 
onnected to the shore. The first portion of the pipe-line was 
sheltered bythe dredger, and the rest of it ran inwards away from 
the rex fi sea, so that the pipe-line was not exposed to waves as 
“severe as those. The pipe-line had actually worked in a swell of 
p to 5 feet. Choppy waves upset the pipe-line much more than a 
teady swell, but, on the other hand, dredging was much more 
difficult and dangerous in a heavy swell than in a choppy sea. 
Side-door hopper-barges and flats were not used for depositing 
stone at the breakwater. The ships provided a core over 50 feet 
wide for the breakwater, and the rest of the stone over the slopes 
of the breakwater was deposited up to an average height of 9 feet 
below low water by bottom-door hopper-barges and country boats 
-as described. The 300-ton hopper-barge deposited stones up to 
8 tons in weight to that height on the exposed face. Above that 
height the heavier stone was loaded on to the ship by the centre 
crane and unloaded by the same crane on the weather face, being 
then drawn along the ships by ships’ derricks and tipped over the 
ide. It was also transported by railway to the ends of the ships, 
" where cranes deposited it in position. In the completed work there 
were wave-breakers of 5 to 8 tons in weight level with the ships’ 
decks, extending the whole length of the breakwater and round the 
nds. The top width of that bank of wave-breakers was about 
20 feet, and the slope about 2 to 1 down to a depth of 9 to 10 feet 
“telow water. The greater part of that bank could not have been 
co eposited from side-hoppers or deck-lighters, owing to its height. 


aft $s The Correspondence will be published later.—Sroc. Inst, C.E. 
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In the November number of this Journal a short account was given 
of The Institution Research Committee and its sub-Committees, and 
it was indicated that the Committee would collect and disseminate ~ 
for the benefit of Members such information as could be obtained 
from time to time of engineering research work being undertaken 
by various research organizations dealing with such subjects. 

It is hoped to publish in the Journal a series of notes and data 
relating to the work of certain research organizations under the 
control of the Department of Scientific and Industrial Research, 
where work of interest to engineers is undertaken, and in this Number 
notes on the work of the Forest Products Research Laboratory at 
Princes Risborough and of the Geological Survey and Museum 
appear. 

The Department of Scientific and Industrial Research is a Govern- 
ment Department. It is under the control of the Lord President of 
the Council, its full description being the Committee of the Privy 
Council for Scientific and Industrial Research. The Lord President 


is assisted by an Advisory Council consisting of eminent men of 


science and industrialists under the Chairmanship of Lord Rutherford 
of Nelson, O.M., an Honorary Member of The Institution. The 


_ programme of work of the Department and the allocation of funds are 
- determined on the advice of the Advisory Council. 


This work embraces all branches of scientific and industrial 
research with the exception of those concerned with medicine, agri- _ 
culture and fisheries (though it includes problems connected with the 
transport and carriage of foodstuffs) and forestry (though it covers 
problems arising from the utilization of timber). The main activities — 
of the Department may be classified under the following headings :— 


1. The conduct of research in the national interest. 

2. The encouragement of research in industry. 

3. The conduct of tests and special investigations for outside 
bodies and firms. 

4. The award of grants for investigation and research. 


The activities have for their chief object the assistance of British 
industry in the application of the results of scientific research in the 
interests of industry itself and of the nation as a whole. Apart, — 
therefore, from inquiries entailing a considerable search of literature 
or a visit, knowledge in the possession of the Department is held 
freely available to inquirers, : 
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There are certain industries of a general character which are of 
primary importance to the well-being of the nation. For this and 
other reasons the Department established and maintains research 

laboratories in various parts of the country. These are in general 
under the control of Directors of Research. For the supervision of 
the programme of work of each organization, there is a Board 
composed of men with special knowledge of the nature of the 
problems to be faced. The Research Laboratories and organizations 
which are included in the Department are :— 


NationaL PuysicaL LABORATORY, 
Teddington, Middlesex. 


The purposes this laboratory fulfils are :— 


_(a) research for the accurate determination of physical constants; 
(b) the establishment and maintenance of precise standards of 
measurements ; 
(c) tests of instruments and materials ; 
(d) research having industrial applications. 


The laboratory comprises eight main sections, ie. Physics, 
‘Electricity, Radio, Metrology, Engineering, Metallurgy, Aero- 
dynamics and the William Froude Laboratory for experiments on 


2% 
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__ models of ships. . 
4 GrotogicaL SurvEY AND MusrEum, 
e Exhibition Road, 
a South Kensington, 8.W.7. 
. A note concerning the work of the Geological Survey appears on 
pp. 338 
eet! 
_ 
e Buitpine Researcu SrTarion, 
; Bucknall’s Lane, 
4 Garston, Nr. Watford. 
2 The activities of this station include research connected with a 


_ wide range of building materials, structures and strength of materials, 
4 efficiency of buildings, e.g. heating, ventilation, sound transmission, 
> etc. 
9 
i CuemicaL ResearcH LaBoRATORY, 

Teddington, Middlesex. 

Work on problems embracing such subjects as Corrosion of Metals, 
High-Pressure Research, Tars, Chemotherapy, Synthetic Resins, © 
Water Pollution and Water Softening, Microbiology, ete. is carried 
out in this laboratory. 
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Low TEMPERATURE RESEARCH STATION, 
Downing Street, 
Cambridge. 


This is the main research station engaged on work for the Food 
Investigation Board on the study of the transport and storage of 
foodstufis. 


Forest Propucts REeszEARCH LABORATORY, 
Princes Risborough, 
Aylesbury, Bucks. 


A note concerning the work of this Laboratory appears on p. 339. 


Furet REesearcH Station, 
Blackwall Lane, 
KE. Greenwich, 8.E.10. 


Coal and the derivatives of coal are the main interests of this 
station. Such aspects as the preparation of coal for market, 
carbonization, hydrogenation of tar and coal for the production of . 
motor spirit and fuel oil, edn of tar, pulverized coal, etc. are 
covered. 


RoapD REsEARCH LABORATORY, 
Harmondsworth, 
West Drayton, Middlesex. 


This laboratory is engaged in general research connected with road 
materials, road processes and road usage. The development of — 
special testing apparatus is also included in its activities. 


In some cases the activities of the above stations are supplemented. 
by work at smaller stations which are situated in localities specially 
- favourable for the conduct of the work in hand, close co-operation 
being maintained between the laboratories. 

In addition to the Boards connected with the work of the research 
stations the Advisory Council have from time to time set up Boards 
and Committees charged with the supervision of researches in other 
important directions. Among the subjects engaging the attention of. 


_ Boards and Committees at the present time are Metallurgy, Radio, 


ie 
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Water Pollution, Atmospheric Pollution, Illumination, Lubrication 
and Applications of X-ray Analysis in Industry. 
The researches conducted by the Boards and Committees are 
__ generally performed at the departmental outstations, but arrange- 
ments are sometimes made for the work to be undertaken in_ 
University laboratories. 
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The encouragement of research in industry is, perhaps, the most 


__ important part of the work of the Department, and with this is linked 


the Co-operative Industrial Research Association Movement. Under 


~ this scheme there are a number of self-governing bodies formed on a 


national basis in various industries for research in the interest of the 
industries they serve. They appeal to the big firm, possessing a 
research organization of its own, because the Associations carry out 
fundamental research on problems common to the whole industry 
or for which no individual firm has the required facilities. 

At the same time they appeal to the small firm that has little or no 
scientific and technical staff, because they provide the convenient 


means of effectively keeping abreast of technical progress and 


because of the skilled advice and technical assistance the staffs of 

the Associations are able to give in the solution of their problems. 
There are now twenty such Associations operating, of which 

eighteen receive financial support from the Department, whilst 


_ being mainly supported by contributions from member firms. 
They include, amongst others, the following which are of special 


interest to engineers :— 
The British Scientific Instrument Research Association. 
The Research Association of British Rubber Manufacturers. 
The British Non-Ferrous Metals Research Association. 
The British Refractories Research Association. 
The British Electrical and Allied Industries Research Association. 
The British Cast Iron Research Association. 
The British Colliery Owners’ Research Association. 
The Research Association of British Paint, Colour and Varnish 
Manufacturers. 
The British Iron and Steel Federation (Industrial Research 
Council). 
The Printing Industry Research Association. 
The Institution of Automobile Engineers (Research and 
Standardization Committee). 
eral of the Associations have special 
lain the bearing of the results of 
scientific work to member firms. The staffs of these sections visit 
members’ works to inform them of the latest results and to discuss at 


first hand their practical application. 


Tt is interesting to note that sev 
sections whose duty it is to exp 
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THE WORK OF THE GEOLOGICAL SURVEY AND 
MUSEUM. 


Manifold and diverse as are the structures or works designed by the 
civil engineer, the great majority of them, on whatever scale they 
may be, have at least one property and one requirement in common— 
they are erected upon or intersect the rocks of the earth’s surface, 
and need to be securely founded. It is here, where the structure is 
anchored to or imbedded in the ground, that the province of the civil 
engineer comes most closely into line with that of the Geologist. 

The changes in the solid strata from bed to bed and from point to 
point, their vicissitudes throughout the ages, their inclinations, folds 
and fractures, all have a bearing on the work of the civil engineer ; 
whilst the sporadic “drifts” of glacial and recent times present 
~ him with some of his most aggravating problems. 

In geological terminology the “solid” rocks (whether their con- 
sistency be that of quartzite or of sand) include the various sediments 
accumulated by wind or under water between the earliest times and 
the end of the Tertiary period, that is, up to from half to one 
million years ago, according to various estimates. 

The “ drifts” on the other hand are superficial deposits of clay, 
loam, sand and gravel of fairly recent age which overlie the outcrops _ 
of the solid formations in a sporadic manner, being present in some 
places and absent in others. They vary in thickness, occasionally 
attaining 300 feet or more. ; ; 

_ In the construction of dams for impounding streams a thorough ~ 
knowledge of the local geology is necessary; faults, pervious strata, 
landslides, drift-filled channels—any one of these may be a potential 
cause of failure or disaster. Drainage schemes and flood control in 
river valleys and on river plains require study of the river’s vagaries 
and its deposits and the country rocks through which it flows. The 
same sort of knowledge is required by those who would bridge the 
rivers. 

The success of tunnelling operations may hinge entirely on the rock 
formation or formations that will be encountered, and their structures 
or water-bearing capacity. 

Old landslides or potential landslides must be carefully looked for 
and avoided, or their effects anticipated, in schemes for making 
cuttings for canals, roads or railways. Knowledge of the distribution 
or surface drifts is invaluable to those who have surface draining 
schemes in hand and pipe-lines to lay. 7 

Tt is needless to point out that geological knowledge is essential _ 


to engineers who are arranging schemes for water supply or who do ~ 
much boring for water or oil. , 


a 
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To those also who deal with cements and plasters, clays and clay 
products, building stones and road materials, geology lends its aid. 

The foregoing are a few instances of the bearing of geology on 
engineering. The officers of the Geological Survey keep such 
possibilities constantly in mind and in plotting the distribution of 
formations on the maps consider the economic application of the 
information they acquire. 

About a half of England and Wales and large part of Scotland has 
been mapped by the Survey on the six-inch scale. These maps, both 
Drift and Solid, might with advantage be consulted before any civil 
engineering operations are commenced, for information that is vital 
to the engineer may be found upon them. When six-inch maps are 
not available recourse may be had to the one-inch maps, Solid or 
Drift, or both. Although a number of these are now of considerable 
age, it is never advisable to overlook them. 

Sheet Memoirs, which are explanations of the one-inch maps 
(including the areas mapped on the six-inch scale), contain a wealth 


of information in explanation of the maps, and supplement them 
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with details of shaft and borehole sections, thicknesses of the strata, 
changes in type, etc. Certain areas larger than those covered by a 
one-inch map are described in District Memoirs. 

Water-supply Memoirs of the Survey cover most of the counties 


of England south of the Pennines. Economic Memoirs, “ Special 


Reports on the Mineral Resources of Great Britain,’ deal with 
quarries as well as mines. 

The Survey also has a considerable amount of unpublished 
information in its files, which is generally available to engineers. 

A collection of building-stones is exhibited in the Museum. Here 
also, in 18 regional exhibits, will be found selections of typical solid 
rocks and surface deposits occurring in different parts of Great 


Britain. 


Mention may finally be made of the comprehensive Library, where 
maps of the British, Dominion, Colonial and Foreign Surveys, and 
geological literature of world-wide interest may be consulted daily. 


THE WORK OF THE FOREST PRODUCTS RESEARCH 
LABORATORY. 


Introduction. 


The threatened shortage of timber in this country in the period 
covered by the Great War forced the Government to take steps to 


_ replace the woodland areas destroyed during the war and also to 
_ organize research work directed towards the more economic utiliza- 


- 
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tion of existing and future supplies of timber, whether home-grown 


_ nated with preservatives, and is in fact intimately bound up with all 
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or imported. For this latter object, the Forest Products Research — 
Board was set up to direct research into the utilization of timber, 
including its testing, seasoning and preservation. 

The Laboratory is situated at Princes Risborough, to which it was 
transferred in 1927, and now comprises sections for research on 
Wood Structure, Timber Physics, Seasoning, Timber Mechanics, 
Wood Preservation, Mycology, Entomology, Woodworking and Wood 
Chemistry, and in addition a Publications and Records Section. 


The Structure of Wood. 


No two timbers are exactly alike and variations in structure are 
responsible for differences in properties. Study of structure is clearly 
of first importance to find which timbers are likely to possess the 
necessary mechanical properties for structural purposes. Work 
already completed has demonstrated that the timber of any par- 
ticular species varies considerably in anatomical details and the 
properties necessarily vary with the structure. This is particularly 
the case in oak which may be mild to work but somewhat lacking in 
strength, or harsh but relatively very strong, the differences in its 
properties being due to variations in its structure. The need for 
research, which will eventually indicate the most suitable grades of 
timber for any particular purpose, thus becomes apparent. It 
should be added that the structure of a timber reacts on its seasoning 
properties, working qualities, the ease with which it can be impreg- 


its characters. 


Timber Physics. 


The Timber Physics section of the Laboratory is engaged in the — 
investigation of the retention of moisture and such problems as the 
diffusion of heat and gases in wood, and in general fundamental 
studies of problems connected with the seasoning, strength properties, 
impregnation and working of timber. It co-operates with other ~ 


sections in devising means of improving the technique of testing 
generally. 


Seasoning. 


The seasoning of timber is necessary, but varies in importance to 
some extent with the use to which the timber is put. The Seasoning — 
Section of the Laboratory is concerned primarily with the problems — 
of abstracting moisture from timber, in determining how this can 
best be done with the least distortion, splitting, collapse and risk of a 
fungal stain or decay in the process. It investigates the differential 
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shrinkage which occurs in timber during drying, and “ movement ” 
arising from changing atmospheric conditions after timber has been 
seasoned. The work already completed makes it possible to specify 
the degree of seasoning, expressed in the form of percentage moisture 


- content, desirable in timbers to be used for various specific purposes. 


< 
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As an instance of the application of the work of this section, the 
investigation of the changes in the percentage moisture content of 
timber installed in new buildings may be cited. It has been shown 
that unsatisfactory behaviour of timber in such circumstances is 
frequently due to the timber having been seasoned to a moisture 
content suited to the ultimate conditions in the building but having 
been installed before the brickwork and plaster has been allowed to 
dry, the result being that the seasoned timber reabsorbs moisture 
from the air the relative humidity of which has been raised by the 
damp surroundings of fresh walls and plaster. The section is largely 
occupied with problems attendant upon artificial seasoning and in the 
improvement of designs for drying kilns and instruments used in 
connection with the seasoning process. It is also investigating the 
bending properties of timbers and is co-operating with the Wood 
Preservation Section in research into the fire resistance of 
timbers (q.v.). 


Timber Mechanics. 


The mechanical properties of timbers are investigated in the 
Timber Mechanics Section of the Laboratory. The section deals with 
timbers new to commerce, as well as those already in use, by tests to 
determine their strength in bending and stiffness in resilience or 
resistance to shock, hardness and resistance to splitting and abrasion. 
Research directed to the estimation of the strength of timbers in 
structural sizes is also in progress. From the results of this work it 
will be possible to determine safe loads for the various qualities of 
commercial timbers, combined with a basis on which efficient grading 
rules may be founded. The section is also engaged in the testing of 
telegraph and power transmission poles, pit props, etc., and in 
investigating the effects of preservative treatments on the strength 
properties of such material. The tests carried out in the section are 
standardised, so that the results are directly comparable with those 
obtained in Forest Products Research Laboratories in the United 


' States, Canada, Australia, India, South Africa and Malaya, which use 


the same standards. A further investigation is directed towards the 
determination of the effect of decay in various stages on the strength 
properties of the timber affected. The equipment in this Laboratory 
is sufficiently extensive and modern to deal with all problems which 


are likely to arise in connection with the mechanical properties of 


p- 22 


_ progressed so far that it is now possible to specify conditions which 
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timber. Recently there has been an addition to the Section 1 in the 
form of a Box Testing Laboratory, which it is anticipated will be of 
considerable economic importance to all industries using packing 
cases, whether of wood, fibreboard, or other similar substance, not 
merely in testing the strength of the material used but also in pointing 
the way to improvements in design of containers and methods of 
packing. 


Wood Preservation. 


The Wood Preservation Section of the Laboratory is equipped with 
a pressure plant capable of handling material in commercial sizes, 
such as railway sleepers and telegraph poles. In addition to the 
investigation of problems concerned with the preservative treatment 
of timber with antiseptics applied under pressure, the section is also 
equipped with the simpler form of plant, such as is required im open 
tank treatment. The section is also engaged in tests of the efficacy 
of various proprietary and other preservatives used for the antiseptic 
treatment of timber as a means of increasing its durability and pro- 
longing its service life, and also carries out natural durability tests in 
the field. All new timbers reaching the Laboratory are thus tested. 
Further, the section is carrying out experiments aiming at the 
development of a reliable test technique for measuring the natural 
fire resistance of various timbers. This is a preliminary to the 
initiation of standard tests of the efficacy of various methods of 
_ treating timber to render it fire resistant. 


Mycology. 


The Mycology Section is engaged on the whole subject of decay in 
timbers. The biology of the various species of fungi responsible for 
decay in timber as opposed to living trees is carefully studied, with a 
view to determining the conditions which further the development of 
such fungi. Another branch of the work comprises laboratory tests 
of the natural durability of various timbers and of similar tests of the 
efficacy of various preservatives. In these matters the work of this 
section is closely linked up with part of the work of the Wood Pre- 
servation Section. The study of the biology of the Dry Rot fungi has 


will ustually, prevent the possibility of its occurrence. 


Entomology. 


A Laboratory equipped to investigate problems veut Beal with the 
damage to timber caused by insect pests, marine borers, etc., is also 
to be found at Princes Risborough. It is hoped considerably to 
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extend the work which has already been begun on the resistance of 
timbers to marine borers. Fortunately, white ants are not met with 
in this country, but since the Laboratory is constantly being called 
upon to carry out investigations on Colonial timbers, it has to devote 
some attention to termites, though of course at second hand, by close 
contact with those laboratories engaged in experimental work on 
these insects. 


Woodworking and Conversion. 


One section of the Laboratory is devoted to the investigation of 
the fundamental principles underlying the operation of woodworking 
tools. In the past, timbers otherwise desirable, have been rejected 
on account of the difficulties met with in working them. The section 
in question is investigating the possibilities of overcoming these 
difficulties by modifications of such details as the shape and spacing of 
saw teeth, the running speed of saws, the rate of feed, the design of 
cutter blocks and the types of steel used in the manufacture of 
cutters. This work is constantly increasing in importance, owing to 
the fact that new timbers are appearing in this country’s markets, and 
to the need for the reduction of production costs at every possible 
point. 

In addition to the sections which are actively engaged in research, 
the Laboratory at Princes Risborough also possesses an efficient 
Photographic Section capable of making cinematograph and ordinary 
pictorial records of tests. The Section of Publications and Records 
is responsible for the collection from all sources of information which 
may have a bearing on the work of any of the other sections and for 
the maintenance of the Laboratory’s reference library. , 

The above brief outline indicates some of the activities of the 
~ Laboratory which may be of interest to Engineers. The Director of 
Forest Products Research is prepared to give advice on matters con- 
nected with the properties or use of timbers and generally, unless 
visits by officers of the Laboratory are entailed, no charge is made. 
He is also prepared to undertake actual test work in connection with 
any special timber, or any particular use to which it may be applied, 
on a fee basis, the cost being estimated directly from the time of the 
officers engaged and from overhead expenses. 
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VISIT OF SIR RICHARD REDMAYNE TO - 
SOUTH AMERICA. 


Sir Ricnarp RepMAYNE (during his Presidency of The Institution), 
and Lord MacMillan, P.C., K.C., Honorary Member, paid a visit 
this summer to South America on behalf of the Ibero-American 
Institute of Great Britain. This Institute, which was established - 
afew years ago with the object of cultivating closer intellectual 
relations with the South American nations, is under the presidency 
of His Royal Highness the Prince of Wales, and the honorary 
directorship of Mr. Philip. Guedalla, and in each year one or two 
persons, representative of different aspects of British national life, 
visit South America to deliver lectures and establish personal con- 
tact with South Americans having like interests. The countries — 
visited on this occasion were Brazil, Argentina and Uruguay, and the 
‘Inission was an informal one. , 

Sir Richard Redmayne delivered eleven lectures, before audiences 
composed chiefly of engineers or those interested in engineering, 
namely, two in Rio de Janeiro, three in S40 Paulo, one in Santos, 
four in Buenos Aires and one in Montevideo. In addition, he 
delivered one broadcast address in Buenos Aires and made a number 
of speeches on various subjects connected with engineering and 
education in all three countries. 

There were in all six set lectures, as follows. 


1. Public Electricity Supply, the Growth of a New Idea. 


Sir Richard dealt with the national control of public electricity 
supply, and described what had been done since 1919 in Great 
Britain, the Union of South Africa, and the State of Victoria, 
Australia. He showed how countries of different sizes and with — 
different population-densities had found it advisable to exercise a 
national control over the supply of electricity to ensure a cheap and 
abundant supply of current. The experience gained should be of 
value to other countries like Brazil and Argentina, who had so far 
taken no steps to exercise control over private undertakings supplying 
electricity in their own areas. 


2. The Industrial Era, Past, Present and Future. 


Sir Richard traced the effects of the growing use of machinery 
from early in the eighteenth century, and showed how the invention 
of the steam engine by Newcomen—or rather his improvements on 
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Savery’s invention—in 1726 did more than anything else to bring 
about the Industrial Revolution. The capacity of improved roads 
and the increased use of canals for transportation were limited in 
their effect, and the locomotive was perhaps the most spectacular 
application of that mechanical use of power which distinguished the 
past 150 years from all periods in history. 

The invention of the telephone, the application of electricity to 
‘industry, the invention of the steam turbine, and the application of 
the discoveries of those great scientists, Clerk Maxwell, Hertz, and 

_ Lodge to wireless transmission were probably the chief events in the 
Industrial Revolution during the last 50 years. 

No one could predict with certainty the future, but it was known 
that in the research laboratory lay the source of material prosperity, 
and that any day might bring forth revolutionary changes in methods 
and industrial production revealing new avenues for employment of 
capital and labour. 


3. Mechanization of Industry. 


fs Sir Richard dealt with the gradual introduction of machinery in 
_ all branches of industry, referring more particularly to its use in 
mines. He referred to mechanization as affected by rationalization, 
and to the possibility of reduced hours of labour with no reduction 
of wages and output. He gave figures showing what had happened 
in the coal trade where the output had been maintained in spite of 
reduction of hours. There had also been a great increase of wages 
over a period of 100 years, but the return on capital had not 
increased. It would appear that the application of science to in- 
_ dustry was of more value to socialization than the changes intro- 
duced by politicians. The problem for the future was to provide 
increased leisure for the worker and a better distribution of wealth 
through the more scientific application of mechanization. 


4, The Growth of the British Civil Service. 


2 Sir Richard traced the origin and development of the British Civil 
Service and briefly considered what it stood for in the economic life 
of Britain, its present position, and its probable future. He showed 
how the growth had been gradual and that what had sufficed to 
i meet the requirements of a more or less agricultural people would 
be quite inadequate for a highly-industrialized nation. 

; Until 1782 the affairs of Great Britain, Ireland, and the Colonies, 
- and also of Southern Europe, were assigned to a department known 
as the Southern Secretaryship. There was, at the same time, a 
Secretary for the Northern Department of Europe, who had first 
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been appointed in 1688. As work increased it was found necessary — 
from time to time to create new departments, and now the same work 
was handled by the Home Office, the Foreign Office, the Colonial 
Office, the Dominions Office, the India Office and other Civil 
Departments, each supervising one special branch of the 
administration. , 

On the financial side, the duties of the Lord High Treasurer were 
now undertaken by the Lords Commissioners of the Treasury, 
including the First Lord (who, if a Commissioner, was ex officio the 
Leader of the House of Commons), the Chancellor of the Exchequer, 
and others. { 

The Board of Trade and Plantations was established by King 
Charles II, whilst the control of the business of war was apparently 
originally entrusted to a Committee of the Privy Council about 
1620, the Clerk in Attendance being the “ Secretary at War.” 

Sir Richard traced also the origin of the other Departments, 
explained the methods of recruitment, and mentioned that the cost 
of the administration per head of population was £11 5s. 5d. in 1933. 
He predicted that some form of permanent Civil Service would 
always be necessary in the future if orderly government were to be ~ 
maintained. 


5. Mineral Wealth and National Development, with special reference 
to Brazil. 


Sir Richard showed that the inference could clearly be drawn that 
that country would best serve its own interests, and those of the ~ 
civilized world in general, which concentrated its efforts on its 
paramount resources, whether they were mineral or agricultural. 
He gave examples of the position in various countries and explained 
in more detail the effect of coal-production as leading to the state of 
manufacturing industry in Great Britain, seeing that coal was its 
chief source of heat, light, and power. Other minerals also played 
important parts, and although gold and silver might be intrinsically 
more valuable, minerals like coal, petroleum and iron accounted for 
no less than 80 per cent. of the annual value of the world’s output 
of all minerals. cea 

Sir Richard then dealt with the problems of Brazil, and with its 
great potentialities, not only in respect of agriculture, but also from 
the point of view of minerals. He concluded by pointing out the ~ 
importance of suitable regulations for the prospecting of minerals 
and the ownership and development of mines. 


é 
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6. Mineral Wealth and National Development with special reference 
to Uruguay. 


This lecture was similar to the previous one, except that the 
special problems of Uruguay were considered. 


Whilst in Brazil Sir Richard visited the Morro Velho gold-mine in 
the State of Minas Geraes, which is one of the oldest gold-mines and 


_ the second deepest mine in the world, being slightly over 8,000 teet 


in depth. It was the first mine to cool its ventilating air, which is 


passed through two cooling plants, one at the surface and another 


underground. Of the numerous engineering works which Sir 
Richard inspected, one which greatly impressed him, from the 


constructional as well as from the purely electrical engineering 
standpoint, was the power-plant of the Sao Paulo Electric Tram- 


ways, Power and Light Company, which is one of the most remark- 
able hydro-electric undertakings in the world. An invitation has 


~ been sent to Mr. A. W. K. Billings, M. Inst. C.E., Vice-President of 


the Company, asking him to deliver a lecture on this great work 
before The Institution in London next year. 

Sir Richard inspected also the waterworks at Sio Paulo, and was 
conducted over the famous Sao Paulo Railway. This he found a 


really remarkable piece of engineering, especially between Sao 
Paulo and Santos, with a difference in height of 2,500 feet, where the 
_ trains are lowered down or hauled up the Serra by steel ropes. 


In the five weeks during which he was on land Sir Richard travelled 
over 4,000 miles. On his return to England he spoke with enthusiasm 
of the future of the countries he visited and of the warith of his 


~ reception on all sides, especially from his fellow technologists, and 


said to the Council of The Institution: “ Words quite fail me to 
express my feelings of gratification and pleasure at the reception 
accorded me by my fellow-engineers in Brazil, the Argentine, and 
Uruguay.” 

An example of this friendly feeling is found in the letter which 
Sir Richard received from Dr. Castello, the President of the Argentine 


Centre of Engineers, a purely national body, on his arrival at 


Buenos Aires. 


TRANSLATION. 
Argentine Centre of Engineers. ; Buenos Aires, 


Sir Richard Redmayne, 
Plaza Hotel, City. 


Sir, 
The visit which you are paying to our country is gre 
appreciated by the Argentine engineers, whose intellectual ex 
are honoured in listening to your acknowledgedly authoribags veg 
opinions. 
In the name of the Argentine Centre of Engineers it is a greatl 
pleasure to extend to you a most cordial welcome, sincerely ho; 
that you will enjoy your short stay in Buenos Aires and in t 
parts of the Republic which you intend to visit, and that at 
same time it will enable you to gain a true impression of the fell 
ship of the Argentine which is united to your own by solid 
unchangeable ties of friendship dating from the money of o 
independence. 
Your position as President of the Institution of Civil Fiigia 
allows me to convey, through your intervention, to all our Eng 
colleagues the warm greetings of the Institute over which I presi 
and our desire for the intensification of the intellectual relat 
between our two countries. =< 2a 
The Argentine Centre of Engineers consider you as. one of i 
members and hopes that before your departure you will fin 
possible to visit its headquarters, where we shall be able to 
you feel the warmth of the genuine sentiments of admiration 
appreciation that the Argentine engineers have for the outstanc 
accomplishments of the English technicians, of whose ability th 

find a true expression in the strength and experience of 
President. si 

I have, etc., 

(Sgd.) ALBERTO G. Spora, 

Secretary. 


(Sg. ) Manuet F. CasTELLo, — 
President. 


NOTE. , ce 
The Institution as a body i is not responsible either for the state 
made, or for the opinions expressed, in the Papers published. 


